Digitized  by  the  Internet  Archive 
in  2016  with  funding  from 

This  project  is  made  possible  by  a grant  from  the  Institute  of  Museum  and  Library  Services  as  administered  by  the  Pennsylvania  Department  of  Education  through  the  Office  of  Commonwealth  Libraries 


https://archive.org/details/geologymineralreOOberg 


«■  sj-  Ij.  JO-  !5- 


Atlas  74ab 
1976 


GEOLOGY  AND  MINERAL  RESOURCES 
OF  THE  SABULA  AND  PENFIELD 
QUADRANGLES,  CLEARFIELD,  ELK,  AND 
JEFFERSON  COUNTIES,  PENNSYLVANIA 


Thomas  M.  Berg 
Albert  D.  Glover 


COMMONWEALTH  OF  PENNSYLVANIA 
DEPARTMENT  OF  ENVIRONMENTAL  RESOURCES 

BUREAU  OF 


TOPOGRAPHIC  AND  GEOLOGIC  SURVEY 
Arthur  A.  Socolow,  State  Geologist 


A \ 

» . _ 

i ^ 4 


Atlas  74ab 


GEOLOGY  AND  MINERAL  RESOURCES 
OF  THE  SABULA  AND  PENFIELD 
QUADRANGLES,  CLEARFIELD,  ELK,  AND 
JEFFERSON  COUNTIES,  PENNSYLVANIA 


by  Thomas  M.  Berg  and  Albert  D.  Glover 

Pennsylvania  Geological  Survey 


PENNSYLVANIA  GEOLOGICAL  SURVEY 

FOURTH  SERIES 

HARRISBURG 


1976 


; < ;.!>  ■ ' - 0 ( ii' « S>  ^yn^0M 

\ ' \-  r»'  .V  ■I..,  ■-, 


f.  ^ ■.  :•  £1 


'•  ■ - ^ tfe 

i ‘ ' '' 

'•^  •.  f '.- 

-,V  -f.  -3 

■ ' h'a.V*-. '6^Wf*lik 

lir;- 


- V '-jr-y..;,  ,;V&f'ii 


■’ .'-.v’iSi 


.eSJrtO'W^': 


4 !^-^y.i:”rs?sM^|., 

£1 


I-'., «■  s'tlf'i'OTtet' 

'V.  ’.j*-  ■'f<<  ■•  ■ ' •' 

\ ,'l*t 


--^  ' • '*■  'V'\|ijT‘\  ••'  '7 


CONTENTS 


Page 

Preface iii 

Abstract 1 

Introduction 2 

Scope  of  the  report 2 

Location 2 

Physiography . , 3 

Field  work  and  methods  of  investigation 4 

Acknowledgements 5 

Previous  work 6 

Stratigraphy 7 

Subsurface  stratigraphy 7 

Introduction 7 

Upper  Silurian  strata 7 

Salina  Group 7 

Bass  Islands  Group 8 

Lower  Devonian  strata 8 

Helderberg  Formation 8 

Oriskany  Group 8 

Onondaga  Formation 9 

Middle  Devonian  strata 9 

Tioga  “bentonite” , . , 9 

Hamilton  Group 9 

Tully  Formation 9 

Upper  Devonian  strata 10 

Nomenclatural  considerations 10 

Genetic  considerations 10 

Lithologic  characteristics  and  thickness 11 

Nature  of  Devonian-Mississippian  stratigraphic  boundary 11 

Mississippian  strata 12 

Surface  stratigraphy 13 

Mississippian  strata 13 

Pocono  Formation 13 

Mississippian-Pennsylvanian  unconformity 16 

Pennsylvanian  strata 18 

Sabula  drill  hole 18 

Pennsylvanian  stratigraphic  terminology 19 

Pottsville  Group 19 

General 19 

Elliott  Park  Formation 19 

Curwensville  Formation 20 

Pottsville  Group  undivided 22 


V 


Page 


Allegheny  Group 26 

General 26 

Glearfield  Creek  Formation 27 

Millstone  Run  Formation 29 

Mineral  Springs  Formation 32 

Laurel  Run  Formation 33 

Glen  Richey  Formation 34 

Conemaugh  Group 36 

Quaternary  alluvium 38 

Geologic  history 38 

General 38 

Cambrian,  Ordovician,  and  Silurian  Periods 39 

Devonian  Period 40 

Mississippian  Period 41 

Pennsylvanian  Period 42 

Post-Pennsylvanian  time 45 

Quaternary  Period 45 

Structural  geology 45 

Introduction 45 

Structural  datum  planes 46 

Folds 47 

Faults 47 

Joints 49 

Mineral  resources 51 

Coal 51 

General 51 

Chemical  and  physical  characteristics 51 

Coal  reserves 61 

Clay  and  clay  shale 64 

Limestone 69 

Construction  materials 72 

Crushed  sandstone 72 

Siltstone  and  silt  shale 73 

Sand  and  gravel 74 

Natural  gas 76 

General 76 

Factors  controlling  gas  accumulation 77 

Producing  horizons 77 

Onondaga-Ridgeley  (“Oriskany”)  Interval  (deep  well  produc- 
tion)   77 

Upper  Devonian  sands  (shallow  well  production) 87 


VI 


Page 

Water 87 

Surface  water 87 

Ground  water 88 

Engineering  geology 90 

References 91 

Glossary 93 

Appendix  1.  Log  of  Brockway  water  well  cuttings microfiche,  p.  A1 

Appendix  2.  Measured  sections  and  descriptions  of  the 

Pocono  Formation microfiche,  p.  A4 

Appendix  3.  Detailed  description  of  the  Sabula  drill  hole 

core microfiche,  p.  AlO 

Appendix  4.  Detailed  description  of  the  Pennsylvania 

Railroad  drill  hole  core microfiche,  p.  A38 

Appendix  5.  Measured  sections  of  the  Allegheny  Group  . microfiche,  p.  A43 

Appendix  6.  Measured  sections  of  the  Conemaugh  Growp  .rnicrofiiche,  p.  A60 

Appendix  7.  Measured  sections  of  clays,  clay  shales,  and 

limestones microfiche,  p.  A7U 

Appendix  8.  Firing  tests  and  physical  data  on  clays  and 

clay  shales p.  A73  (follows 

p.  98  in  text) 


ILLUSTRATIONS 

FIGURES 


Figure  1.  Map  showing  physiographic  provinces  of  PennsyK'ania  and 

location  of  the  report  area 3 

2.  Map  and  profile  showing  lower  Pocono  exposures  on  the 

southeastern  flank  of  Boone  Mountain  along  Wilson  Run  . 15 

3.  Photograph  showing  crossbedding  in  Upper  Connoquenes- 

sing  Sandstone  exposed  on  eastern  shore  of  Parker  Dam 
Lake 2U 

4.  Photomicrograph  of  Homewood  Sandstone  from  Panther 

Rocks  area 21 

5.  Photomicrograph  of  Pottsville  subphyllarenite  from  Sabula 

drill  hole 23 

6.  Photograph  showing  plant  impression  in  Pottsville  sandstone 

from  Boone  Mountain 24 

7.  Photograph  showing  quartz-pebble  conglomerate  in  Potts- 
ville Group  on  Boone  Mountain 25 

8.  Photograph  showing  massive  Pottsville  sandstone  above  Pete 
Buck  Hollow 


vii 


25 


Page 

Figure  9.  Photograph  showing  massive  Pottsville  conglomerate 26 

10.  Photomicrograph  of  metamorphic  quartzite  pebble  from  the 

basal  Pottsville  conglomerate  on  Boone  Mountain 27 

1 1.  Photomicrograph  of  strongly  deformed,  recrystallized  meta- 
morphic quartzite  pebble  from  the  basal  Pottsville  conglom- 
erate on  Boone  Mountain 28 

12.  Photograph  showing  exposure  of  the  Millstone  Run  For- 
mation in  an  abandoned  strip  mine 30 

13.  Photograph  showing  asymmetrical  ripple  marks  in  the  Mill- 
stone Run  Formation 30 

14.  Photograph  showing  Millstone  Run  Formation  near  Middle 

Branch  of  Wilson  Run 31 

15.  Photograph  showing  Millstone  Run  Formation  at  the  Florn- 

ing  Run  heading  of  the  Lady  Jane  mine 32 

16.  Map  showing  subsurface  structural  geology,  based  on  the 

“Oriskany”  (Ridgeley)  Sandstone,  and  limits  of  gas  fields 
and  pools 48 

17.  Rose  diagram  showing  joint  bearings  in  the  Sabula  and 

Penfield  quadrangles 50 

18.  Photomicrograph  of  Vanport  Limestone  from  510.5  feet  in 

the  Sabula  drill  hole 69 

19.  Photomicrograph  of  Vanport  Limestone  from  511.2  feet  in 

the  Sabula  drill  hole 70 

20.  Photomicrograph  of  Johnstown  Limestone  from  the  Sabula 

drill  hole 71 

21.  Photograph  showing  sand  and  gravel  pit  (upper  level)  in 

Quaternary  alluvium  along  Little  Toby  Creek 74 

22.  Histograms  showing  sediment  size  distribution  in  Quater- 
nary alluvium  along  Little  Toby  Creek 75 

23.  Photograph  showing  alluvium  in  upper  level  of  sand  and 

gravel  pit  along  Little  Toby  Creek 76 

PLATES 

(in  envelope) 

Plate  1.  Geologic  map  of  the  Sabula  and  Penfield  quadrangles,  Clearfield, 
Elk,  and  Jefferson  Counties,  Pennsylvania. 

2.  Sections  from  gas  well  records  showing  Upper  Devonian,  Missis- 
sippian,  and  Pennsylvanian  strata  across  the  Mountain  Run  fault 
and  Boone  Mountain  anticline. 

viii 


Plate  3.  Sections  from  gas  well  records  showing  Upper  Devonian,  Missis- 
sippian,  and  Pennsylvanian  strata. 

4.  Sections  from  gas  well  records  showing  Upper  Devonian,  Missis- 
sippian,  and  basal  Pennsylvanian  strata. 

5.  Long  drill  holes  and  measured  sections  showing  Pennsylvanian 
strata. 

6.  Millstone  Run  Formation  stratigraphic  sections. 

7.  Lower  Kittanning  no.  3 coal  reserves  and  measured  sections. 

8.  Additional  coals  and  mined-out  areas. 

9.  Location  of  measured  clay  and  clay  shale  sections. 

10.  Foundation  and  excavation  conditions  and  major  watersheds. 

TABLES 

Page 

Table  1.  Analyses  of  coal  samples  from  the  Sabula  and  Penheld  quad- 
rangles   52 

2.  Published  analyses  of  coal  as  shipped  or  delivered  from  the 

Sabula  and  Penheld  quadrangles 58 

3.  Published  analyses  of  mine  samples  of  coal  from  the  Sabula 

and  Penheld  quadrangles 60 

4.  Lower  Kittanning  coal  reserves  in  the  Sabula  and  Penheld 

quadrangles 62 

5.  Thickness  and  stratigraphic  position  of  clays,  clay  shales,  and 

limestones  in  the  Sabula  and  Penheld  quadrangles 64 

6.  Deep  natural  gas  wells  in  the  Sabula  and  Penheld  quad- 
rangles   78 

7.  Shallow  natural  gas  wells  in  the  Sabula  and  Penheld  quad- 
rangles   85 

8.  Chemical  analyses,  in  parts  per  million,  of  streams  in  the 

West  Branch  Susquehanna  River  basin  near  Clearheld, 
Pennsylvania 89 


IX 


■ i!.  -vi,''.  isv.  .,  " A 


f‘>  r' ■• 

- ^ t ..  .■■_  :;, 


s’  ' \i  * , .. 


•'.  ■ '"•■  ■ " '-nv-  ■ 

.,e  ^ ,-  I . 


i 


.*.}.'. 'ii/,.  .B-  '■; 

'i;,-  i V 

I’i 

'l.<'r.’'T'i''  .<5* 

“■'.■<  .>fcv!i*'’' 

..  ' J rt\ 

■ '■ 

■’■■■■■  ■ j. . 't' 


=.•'!•  iti,  J 

" .. ...  ■■ :': ' ^ 


-.'.H  b'a»!  .-  . ' 


I'N  tryNj_j . .0 


v“'-’*S-  - 

'.■■  --r  ■-  -■ 


- .W  . z,  ■;:'V.;A;'  ,<^ 
■■ .- 

••  • » *J'  j iT 

• ^ S>-  • '■'  ^ 


t ■•  ' 

.-'i' " 


'<  , - ' '^'-'  k' ' i-  ■ ■ 

; ^f-""  / ^ 


■.2>- 


.*■«•’  .^sj* 


- .y%if 


GEOLOGY  AND  MINERAL  RESOURCES  OF  THE 
SABULA  AND  PENFIELD  QUADRANGLES, 
CLEARFIELD,  ELK,  AND  JEFFERSON  COUNTIES, 
PENNSYLVANIA 

by 

Thomas  M.  Berg  and  Albert  D.  Glover 

ABSTRACT 

The  Sabula  and  Penfield  7y2-rninute  quadrangles  are  located  in 
west-central  Pennsylvania  within  the  Appalachian  Plateaus  physio- 
graphic province.  The  topography  of  this  area  reflects  broadly 
folded  sedimentary  rocks  having  varying  resistance  to  erosion. 

Extensive  subsurface  exploration  and  production  of  natural  gas 
have  provided  stratigraphic  information  through  the  Devonian 
Helderberg  Formation  and  into  the  upper  230  feet  of  the  Silurian 
Salina  Group.  Bedrock  exposures  at  the  surface  include  most  of  the 
Mississippian  Pocono  Formation,  and  the  Pennsylvanian  Potts- 
ville,  Allegheny,  and  Conemaugh  Groups.  The  interpretation  of  a 
regional  unconformity  between  Mississippian  and  Pennsylvanian 
strata  is  based  on  an  apparent  erosional  loss  of  Mississippian  units 
and  nondeposition  of  lower  Pottsville  units.  Stratigraphic  subdivi- 
sion of  the  Pennsylvanian  rocks  is  based  on  key  beds  (coal  seams) 
rather  than  on  lithologic  homogeneity. 

The  lowermost  bedrock  units  that  are  mapped  at  the  surface  in 
this  area  include  sandstones,  siltstones,  and  some  shales  of  the 
Pocono  Formation.  These  are  overlain  by  Pennsylvanian  forma- 
tions comprising  thin,  cyclic  sequences  of  shale,  sandstone,  silt- 
stone,  clay,  coal,  and  sporadic  freshwater  limestone. 

Structurally,  the  Sabula-Penfield  area  is  traversed  by  the  Punx- 
sutawney-Caledonia  syncline  which  trends  northeast-southwest. 
The  northwestern  limb  of  the  Chestnut  Ridge  anticline  flanks  the 
syncline  on  the  southeast,  and  the  Boone  Mountain  anticline 
flanks  the  syncline  on  the  northwest.  A major  fault,  the  Mountain 
Run  fault,  has  been  located  along  the  southeastern  flank  of  Boone 
Mountain.  Vertical  displacement  along  this  fault  measures  ap- 
proximately 400  feet. 

Coal  is  one  of  the  principal  mineral  resources  in  the  report  area, 
although  available  information  suggests  that  most  of  the  major 
seams  except  the  Lower  Kittanning  are  too  thin  to  be  minable  at 
present.  Total  reserves  of  the  Lower  Kittanning  no.  3 coal  over  28 
inches  thick  are  150  million  short  tons.  Natural  gas  is  another  im- 
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portant  mineral  resource;  some  production  from  both  deep  and 
shallow  horizons  is  still  in  progress.  A formerly  producing  shallow 
pool  at  Boone  Mountain  is  now  depleted  and  is  currently  being 
used  for  subsurface  gas  storage.  Other  potentially  valuable  re- 
sources in  the  area  include  clay,  shale,  sandstone,  sand  and  gravel, 
and  ground  water. 

The  rocks  in  this  report  area  are  also  classified  and  mapped 
according  to  their  engineering  characteristics  and  potential  utility 
as  construction  materials. 

INTRODUCTION 

SCOPE  OF  THE  REPORT 

This  report  is  part  of  a continuing  series  of  detailed  geological  reports 
published  by  the  Pennsylvania  Geological  Survey.  The  report  covers  the 
northern  half  of  the  Penfield  15-minute  quadrangle  and  is  published  on 
the  Sabula  and  Penfield  7i/2-minute  topographic  base  maps.  The  area 
covered  is  approximately  112  square  miles. 

Recent  mapping  at  the  same  scale  (1:24,000)  has  been  completed  to 
the  south,  in  the  southern  Penfield  area  (Edmunds  and  Berg,  1971),  and 
to  the  southeast  in  the  southern  Clearfield  (Glover,  1970),  northern 
Houtzdale  (Edmunds,  1968),  and  Philipsburg  (Glass,  1972)  areas.  Work  is 
presently  being  done  in  the  southern  Houtzdale  (Glass  and  others,  in 
press)  and  DuBois  (Glover  and  Bragonier,  in  prep.)  areas.  This  report 
will  therefore  provide  a continuity  of  stratigraphic  information  for  the 
region  and  will  aid  in  regional  stratigraphic  interpretations. 

The  mineral  resources  section  of  the  report  covers  the  nature  and 
occurrence  of  the  major  mineral  resources  present,  and  includes  esti- 
mates of  the  remaining  reserves  of  the  Lower  Kittanning  coal. 

The  report  is  written  for  both  professional  and  lay  readers.  Accord- 
ingly, an  effort  has  been  made  to  keep  the  language  as  simple  as  possible 
without  sacrificing  accuracy.  Of  necessity,  technical  geologic  terms  have 
occasionally  been  used,  and  these  are  defined  in  a glossary  at  the  end  of 
the  report. 

Thomas  M.  Berg  compiled  the  geologic  map  of  the  Sabula  quadrangle, 
and  Albert  D.  Glover  compiled  the  geologic  map  of  the  Penfield  quad- 
rangle. The  written  report  has  been  a joint  effort  by  both  authors. 


LOCATION 

The  Penfield  and  Sabula  quadrangles  lie  between  41°07'30"  and 
41°15'00"  north  latitude,  and  between  78°30'0(>"  and  78°45'00"  west 
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longitude.  The  area  includes  a portion  of  the  City  of  DuBois;  parts  of 
Huston,  Sandy,  Pine,  and  Union  Townships  in  Clearfield  County;  part 
of  Snyder  Township  in  Jefferson  County:  and  parts  of  Horton,  Fox,  and 
Jay  Townships  in  Elk  County. 

The  data  points  shown  on  Plate  1 are  located  in  the  following  manner. 
Each  15-minute  quadrangle  in  Pennsylvania  is  divided  into  thirty-six 
2i/^-minute  blocks.  Vertical  columns  of  blocks  are  identified  by  capital 
letters— A,  B,  C,  D,  E,  and  F— at  the  top  of  the  map.  Horizontal  rows  of 
blocks  are  identified  by  lower  case  letters— a,  b,  c,  d,  e,  and  f— along  the 
side  of  the  map.  From  this  system,  for  example,  the  northwesternmost 
2i^-minute  block  in  the  mapped  area  is  designated  Aa;  the  block  just  to 
the  south  is  Ab,  and  the  block  immediately  east  is  Ba.  The  data  points 
in  each  block  are  numbered  consecutively  and  roughly  southwardly,  as 
Aal,  Aa2,  etc. 


PHYSIOGRAPHY 

The  Sabula-Penfield  area  lies  within  the  Appalachian  Plateaus  prov- 
ince, which  includes  most  of  western  Pennsylvania  (see  Figure  1).  This 
region  is  characterized  by  broad,  open  folds  having  gently  dipping  flanks. 
The  Plateau  is  underlain  by  sedimentary  rocks,  which  in  this  area  meas- 
ure approximately  16,000  feet  in  thickness  (Am.  Assoc.  Petroleum  Geol- 


Figure  1.  Physiographic  provinces  of  Pennsylvania  and  location 
of  the  report  area. 
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ogists  Basement  Rock  Project  Committee,  1967).  A more  complete  discus- 
sion of  the  physiography  and  geologic  history  of  the  Appalachian  Plateau 
may  be  found  in  Ashley  (1933)  and  Fenneman  (1938). 

More  specifically,  this  report  area  may  be  described  as  a region  of 
highly  dissected,  rolling,  relatively  flat  topped  uplands.  Most  of  the 
major  streams  are  floored  with  alluvium.  The  majority  of  the  small 
streams  have  broad  V-shaped  valleys,  whereas  the  principal  streams  have 
rather  wide  cross-valley  profiles  and  flat-bottomed  floodplains. 

In  general,  Allegheny  and  Conemaugh  rocks  include  more  shale  than 
Pottsville  and  Pocono  rocks.  For  this  reason,  the  areas  underlain  by  the 
Allegheny  and  Conemaugh  Groups  are  less  resistant  to  erosion  and  are 
more  highly  dissected  by  streams.  The  local  relief  varies  from  100  to  400 
feet  in  the  Penfield  and  Sabula  quadrangles. 

Maximum  altitudes  in  the  area  are  found  on  Boone  Mountain  anti- 
cline, and  the  lowest  altitudes  along  the  axis  of  the  Punxsutawney-Cale- 
donia  syncline.  The  highest  point  is  located  at  the  Lookout  Tower  on 
Boone  Mountain,  which  has  an  altitude  of  2369  feet.  The  lowest  point 
is  found  in  the  northeast  where  Bennett  Branch  of  Sinnemahoning  Creek 
leaves  the  report  area  at  an  altitude  of  1180  feet.  The  total  relief  of 
about  1200  feet  reflects  the  exposures  of  the  more  resistant  Pottsville 
and  Pocono  sandstones  on  the  anticline  and  the  presence  of  the  less 
resistant  Allegheny  and  Conemaugh  rocks  in  the  syncline. 

The  drainage  of  the  Sabula-Penfield  area  consists  of  six  watersheds 
(Plate  10).  Sandy  Lick  Creek  and  Little  Toby  Creek  flow  westward  to  the 
Ohio  River  and  the  Gulf  of  Mexico.  The  remaining  streams  are  all 
tributaries  of  the  Susquehanna  River  which  drains  into  the  Atlantic. 

Anderson  Creek  is  one  of  the  principal  streams  feeding  the  DuBois 
reservoir,  which  is  located  a short  distance  to  the  south  of  this  report 
area.  Much  of  the  water  supply  for  the  Borough  of  Brock  way  is  derived 
from  Little  Toby  Creek  and  its  tributaries.  Parker  Dam  State  Park  is 
located  in  the  Laurel  Run  watershed. 


FIELD  WORK  AND  METHODS  OF  INVESTIGATION 

Field  work  in  the  Penfield  and  Sabula  quadrangles  was  completed  dur- 
ing portions  of  the  field  seasons  from  1966  through  1970.  Mapping  was 
done  on  U.  S.  Geological  Survey  7i/4-minute  topographic  base  maps. 
Aerial  photographs  were  used  for  precise  field  locations  of  all  outcrop 
data.  The  locations  of  these  data  points  were  then  transferred  to  the 
topographic  maps. 

All  coal  strip  mines  in  the  area  were  visited.  Wherever  possible,  a 
measured  section  of  the  coal  and  overlying  strata  was  made  using  a hand 
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level  and  ruler.  Other  stratigraphic  inlormation  was  obtained  from  road 
and  railroad  cuts,  from  available  drill  records,  and  from  studies  of  drill 
core  from  the  area.  Paleontological  collections  (both  plant  and  inverte- 
brate) w’ere  made  during  the  course  of  field  wmrk. 

Detailed  stratigraphic  correlations  were  made  prior  to  final  compila- 
tion of  the  geologic  map.  Considerable  aerial  photographic  interpreta- 
tion was  done  where  little  outcrop  data  were  available,  especially  in  the 
southeastern  portion  of  the  map  area. 

Faulting  and  unusual  amplitude  of  folding  required  detailed  study  ol 
the  subsurface  in  the  Boone  Mountain  area. 

As  part  of  the  project,  a 716-foot  core  drill  hole  was  completed  in  the 
summer  of  1969  in  the  northeastern  part  of  the  Sabula  cjuadrangle,  thus 
augmenting  the  stratigraphic  information  in  the  area. 
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Mr.  Thomas  Swinehart  and  Mr.  Stephen  Potts  for  their  assistance  in 
completing  the  field  work  for  this  report. 

We  appreciate  the  information  and  records  given  us  by  Mr.  John  E. 
DuBois,  Jr.,  Mr.  A.  J.  Palumbo  (New  Shawmut  Mining  Company),  Mr. 
Donald  J.  White  (P.  and  N.  Coal  Company,  Inc.),  Mr.  Paul  Heinman 
(Lady  Jane  Collieries,  Inc.),  Mr.  Irvan  Stoker  (Glen  Irvan  Corporation), 
and  Mr.  Ronald  Landon  (Moody  Associates,  Inc.).  Mr.  John  Hess,  Regis- 
tered Engineer  in  Clearfield,  the  late  Mr.  Gerald  Madison  (former  Yost 
Associates,  Inc.  in  DuBois),  and  Mr.  Walter  Zimmerman,  Registered 
Engineer  in  Punxsutawney,  also  provided  much  useful  information.  Mr. 
Wayne  Deeper  of  United  Natural  Gas  Company  provided  drilling  records 
from  the  Boone  Mountain  shallow  gas  field.  We  acknowledge  Mr.  John 
Lambert,  of  the  Pennsylvania  Department  of  Transportation  office  in 
Clearfield,  for  providing  soil  survey  reports.  Information  concerning 
drilling  of  a municipal  water  well  in  the  Whetstone  Branch  area  pro- 
vided by  Mr.  William  Kephart  of  Brockw'ay  Glass  Company  is 
appreciated. 

Professor  James  D.  Grierson  of  the  State  University  of  New  York  at 
Binghamton  identified  the  Mississippian  plants  found  in  the  Pa.  Route 
153  highway  cuts  on  Boone  Mountain,  and  his  cooperation  is  gratefully 
acknowledged.  Our  discussions  with  Dr.  Grierson  concerning  Mississip- 
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piaii  stratigrapliy  and  paleobotanical  aspects  of  the  Pocono  Formation 
were  quite  helpful. 

Mr.  Glascow  Rector  of  Geological  Sample  Log  Gompany  kindly  gave 
permission  to  publish  information  derived  from  several  lithologic  logs 
of  deep  gas  well  cuttings. 

Finally,  we  thank  all  property  owners  and  coal  companies  for  their 
courtesy  and  cooperation  in  providing  access  to  the  area. 


PREVIOUS  WORK 

Henry  D.  Rogers,  State  Geologist  of  the  First  Pennsylvania  Geological 
Survey,  made  what  was  probably  the  first  geological  reconnaissance  of 
the  report  area  in  1838.  As  reported  in  Lesley  (1876,  p.  69-70),  “Mr. 
Rogers  spent  all  the  time  he  could  spare  for  personal  field  work  in  the 
northern  counties,  and  as  far  south  as  Clearfield  and  Centre  Counties;  a 
country  at  that  time  an  almost  unbroken  wilderness,  roamed  over  by  the 
elk  and  the  panther.  His  object  was  to  organize  for  the  ensuing  year  a 
camp  survey  of  this  sixth  district.”  (The  sixth  district  encompassed  those 
counties  in  north-central  Pennsylvania  which  were  north  of  the  Alle- 
gheny Mountains,  including  the  northern  two  thirds  of  Clearfield  and 
Jeflerson  Counties.) 

I’he  first  geological  exploration  was  undertaken  in  1840  by  James  T. 
Hodge,  Townsend  Ward,  and  for  part  of  the  field  season  by  Peter 
Lesley,  |r.,  of  the  First  Pennsylvania  Geological  Survey.  These  men, 
along  with  a party  of  assistants  and  miners,  attempted  to  expose,  by  dig- 
ging, the  outcrops  of  all  coal  seams,  limestone  beds,  iron  ore  beds,  and 
any  other  mineral  resources  they  might  find.  As  reported  in  the  Fifth 
Annual  Report  of  the  First  Pennsylvania  Survey  (Rogers,  1841,  p.  10-11), 
the  area  of  this  exploration  covered  portions  of  the  Sabula-Penfield  area, 
including  Bennett  Branch  of  Sinnemahoning  Creek,  where  several  coal 
seams  and  iron  ore  beds  were  discovered.  Mr.  Lesley  and  one  companion 
also  made  a topographical  and  geological  reconnaissance  in  1841  in  this 
general  area,  including  the  Little  Toby  Creek  basin. 

Apparently  no  other  field  work  was  done  in  the  area  of  this  report 
until  1874,  when  Franklin  Platt  of  the  Second  Pennsylvania  Geological 
Survey,  with  one,  and  later  three  assistants,  mapped  the  coal  fields  of 
Clearfield  and  Jefferson  Counties  (Platt,  1875).  This  report  was  revised 
by  H.  M.  Chance  (1884),  mainly  because  of  errors  in  correlating  the 
Homewood  and  Mahoning  Sandstones  and  in  locating  the  anticlinal 
axes.  The  geology  of  Elk  County  was  completed  by  C.  A.  Ashburner  and 
A.  W.  Sheafer  during  the  field  seasons  of  1876  through  1879  (Ashburner 
and  Sheafer,  1885). 
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Since  that  time,  the  geologic  investigations  undertaken  in  the  area  of 
this  report  have  been  of  an  economic  nature  involving  limestone,  shales 
and  clays,  gas,  and  ground  water.  Most  of  these  are  included  in  the  refer- 
ences to  this  report.  Two  such  reports  bear  mentioning.  Mineral  Re- 
source Report  6,  Bituminous  Coal  Fields  of  Pennsylvania,  w'as  published 
by  the  Fourth  Pennsylvania  Geological  Survey  (Ashley,  1928;  Sisler, 
1926;  Reese  and  Sisler,  1928;  U.  S.  Bureau  of  Mines,  1928).  Part  II  of 
this  bulletin  (Sisler,  1926)  discusses  the  stratigraphy,  structure,  and  dis- 
tribution of  the  various  coal  beds  by  county,  including  Clearfield,  Elk, 
and  Jefferson  Counties.  Mineral  Resource  Report  45  (Lytle  and  others, 
1961),  A Summary  of  Oil  and  Gas  Developments  in  Pennsylvania,  1955 
to  1959,  contains  a structural  map  by  Addison  S.  Cate  based  on  extensive 
deep  gas  well  drilling  that  includes  the  Sabula-Penfield  area. 

No  detailed  geologic  mapping  has  been  done  in  the  Sabula  or  Pen- 
field  quadrangles  since  the  Second  Pennsylvania  Geological  Survey 
studies  cited  above. 
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SUBSURFACE  STRATIGRAPHY 

Introduction 

Extensive  drilling  for  natural  gas  in  the  Sabula  and  Penfield  quad- 
rangles has  provided  stratigraphic  information  down  to  the  top  of  the 
Helderberg  Group  (Lower  Devonian).  One  well  (Logan  L.  Bond  no.  1), 
at  location  Ca5  on  top  of  Boone  Mountain,  penetrated  230  feet  of 
Silurian  strata  below  the  Helderberg.  More  than  150  deep  gas  wells  have 
penetrated  the  Lower  Devonian  “Oriskany”  (Ridgeley)  Sandstone;  more 
than  25  shallow  gas  wells  have  penetrated  producing  gas  sands  of  the 
Upper  Devonian  strata.  However,  a detailed  subsurface  study  is  beyond 
the  scope  of  this  report. 


Upper  Silurian  Strata 

Salina  Group 

In  the  Logan  L.  Bond  no.  1 deep  well  at  Ca5,  the  uppermost  130  feet 
of  the  Salina  Group  was  encountered  before  drilling  was  completed.  The 
total  Salina  Group  is  interpreted  to  be  between  1200  and  1300  feet  thick 
in  the  vicinity  of  this  report  area  (Fergusson  and  Prather,  1968,  p.  32). 
The  upper  portion  of  the  group  in  this  well  is  a very  light  gray  to  light- 
brownish-gray,  dense,  calcareous,  argillaceous  dolomite.  It  is  occasionally 
silty  and  anhydritic;  there  are  some  pyritic  traces  in  the  upper  40  feet. 
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The  presence  of  anhydrite  increases  downward  and  good  stringers  of 
anhydrite  appear.  The  upper  boundary  of  the  group  is  based  on  the 
presence  of  anhydrite  anct  is  apparently  gradational  with  the  overlying 
Bass  Islands  Group. 

Bdss  Islands  Group 

The  Bass  Islands  (Keyset)  Group  overlies  the  Salina  and  is  100  feet 
thick  in  the  Logan  Bond  well.  Rocks  in  this  group  consist  of  slightly 
silty,  calcareous  dolomites  and  dolomitic  limestones.  The  lower  two 
thirds  of  the  Bass  Islands  is  light-  to  dark-brownish-gray,  slightly  argil- 
laceous and  silty,  calcareous  dolomite.  The  upper  third  is  light-  to  dark- 
brownish-gray  and  grayish-brown,  slightly  argillaceous  and  pyritic,  dolo- 
mitic limestone.  The  upper  boundary  of  the  Bass  Islands  is  arbitrarily 
ba.sed  on  the  uppermost  occurrence  of  dolomite  or  dolomitic  limestone. 

Lower  Devonian  Strata 


Helderberg  Formation 

The  upper  several  feet  of  the  Helderberg  Formation  has  been  pene- 
trated in  many  of  the  deep  gas  wells  along  the  northwestern  flank  of  the 
Ptinxsutawney-Caledonia  syncline.  Jones  and  Cate  (1957)  indicate  that 
the  Helderberg  is  between  100  and  150  feet  thick  in  the  Sabula-Penfield 
area;  however,  in  well  Ca5,  the  Helderberg  was  only  65  feet  thick. 

The  Helderberg  is  normally  an  impure,  gray,  cherty  limestone.  In 
well  Ca5,  it  is  dense,  medium-dark-gray,  argillaceous  limestone,  grading 
to  very  fine  grained  sandstone  with  some  chert  stringers  in  the  upper 
part.  It  should  be  noted  that  the  “Helderberg”  of  subsurface  terminol- 
ogy in  this  part  of  Pennsylvania  may,  in  fact,  be  partly  equivalent  to  the 
Shriver  Chert  of  the  overlying  Oriskany  Group.  There  is  often  difficulty 
in  differentiating  Helderberg  and  Shriver  sediments  (Jones  and  Cate, 
1957,  p.  2),  so  the  presence  of  Shriver  should  not  be  completely  discounted. 

Oriskany  Group 

The  Oriskany  Group  overlies  the  Helderberg  Formation  and  includes 
the  Ridgeley  Sandstone  above,  and  Shriver  Chert  below.  As  noted,  the 
Shriver,  if  present,  may  have  been  included  in  the  Helderberg  Forma- 
tion. The  Ridgeley  Sandstone  is  referred  to  as  “Oriskany”  Sandstone  in 
subsurface  usage  of  western  Pennsylvania.  This  is  the  gas-producing  unit 
that  has  been  of  such  great  economic  importance  in  this  area.  In  the 
deep  well  at  Ac7,  the  Ridgeley  is  a medium-gray,  fine-  to  medium- 
grained (occasionally  coarse  grained),  friable,  quartzose  sandstone.  The 
grains  are  subrounded  and  show  fair  sorting.  There  is  some  trace  of 
secondary  recrystallization.  In  this  report  area,  the  sandstone  varies  from 
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about  5 to  30  feet  thick  and  theoretically  thins  to  zero  in  a northwestern 
direction  towards  the  ‘‘no  sand”  area  of  Jones  and  Cate  (1957)  and  Cate 
(1962). 

Onondaga  Formation 

The  Onondaga  Formation  immediately  overlies  the  Ridgeley  Sand- 
stone. Varying  from  less  than  50  feet  to  almost  100  feet  thick,  the 
Onondaga  consists  of  a lower  chert  and  a thinner  overlying  limestone. 
In  the  deep  well  at  Ca5,  the  upper  26  feet  is  limestone  with  some  shale 
interbeds:  the  lower  73  feet  is  chert  with  some  siltstone  stringers.  The 
limestone  is  dark  gray  and  yellowish  gray  to  medium  dark  brownish  gray. 
It  is  micritic,  argillaceous,  pyritic,  and  fossiliferous  (crinoids,  ostracodes), 
with  occasional  streaks  of  black  shale  and  siltstone.  The  chert  is  mottled 
medium  gray  and  dark  gray  to  black;  well  cuttings  are  translucent  and 
silty.  Some  interbeds  of  brownish-gray  dolomite  were  encountered  in  the 
Onondaga  in  the  deep  well  at  Fa22,  ljut  this  “Onondaga”  is  at  an  ab- 
normal depth  and  may  be  miscorrelated  with  older  units. 

Middle  Devonian  Strata 


Tioga  “Bentonite” 

The  boundary  between  the  Onondaga  Formation  and  the  overlying 
Hamilton  Group  is  often  marked  by  the  Tioga  “bentonite.”  Where  no 
bentonite  is  observed  in  well  cuttings,  its  horizon  is  frequently  observed 
in  geophysical  logs  as  a highly  radioactive  shale.  Although  often  referred 
to  as  a metabentonite,  the  Tioga  in  the  deep  well  at  Eal5  is  dusky- 
brown,  micaceous,  soft  bentonitic  clay  with  disseminated  pyrite.  It  is 
apparently  not  more  than  a few  feet  thick. 

Hamilton  Group 

The  Hamilton  Group  is  about  500  feet  thick  (plus  or  minus  50  feet), 
thinning  generally  from  east  to  west  across  the  report  area  (Jones  and 
Cate,  1957).  It  is  a fairly  homogeneous  sequence  of  black  and  brownish- 
black  to  medium-gray,  calcareous,  pyritic,  hackly,  brittle  shales.  The  con- 
tact with  the  overlying  Tully  limestone  is  gradational  in  some  wells. 

Tully  Formation 

The  Tully  Formation  thins  from  about  150  feet  to  about  50  feet  thick 
in  a north-northwest  direction  across  the  .Sabula-Penfield  area  (Jones  and 
Cate,  1957).  The  Tully  consists  of  dark-gray,  hard,  argillaceous,  slightly 
pyritic,  micritic  limestone  having  occasional  beds  of  brownish-black,  cal- 
careous shale.  The  upper  contact  of  the  Tully  limestone  with  the  over- 
lying  Upper  Devonian  sediments  is  fairly  sharp. 
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Upper  Devonian  Strata 

N ornenclatural  Considerations 

I'he  Upper  Devonian  section  represents  infilling  of  the  Appalachian 
geosyncline  with  coarser  terrigenous  detrital  sediments.  In  this  part  of 
Pennsylvania,  two  sets  of  stratigraphic  names  have  been  applied  simul- 
taneously to  this  sequence  by  geologists  familiar  with  surface  exposures 
to  the  east  and  northeast  on  the  one  hand  and  by  geologists  working  on 
the  subsurface  of  western  Pennsylvania  on  the  other.  It  is  not  the 
authors’  intention  to  review  and  rectify  this  mass  of  stratigraphic  nomen- 
clature based  on  relatively  brief  study  of  subsurface  information  in  the 
limited  area  of  two  7i/4-minute  quadrangles,  but  rather  to  give  the 
reader  a feeling  for  the  general  lithologic  nature  of  this  thick  sedimen- 
tary sequence. 

1 he  clastic  sequence  overlying  the  Tully  Formation  up  to  the  main 
body  of  red  beds  is  considered  basically  marine  in  origin,  and  has  been 
called  the  “Upper  Devonian  marine  beds.”  The  red-bed  sequence  has 
been  called  the  Catskill  Formation  in  the  southern  half  of  the  Penfield 
15-minute  quadrangle  (Edmunds  and  Berg,  1971,  p.  11).  The  cyclic 
nature  of  the  sequence  leading  up  to  the  main  body  of  red  beds  produces 
some  repetition  of  deeper  water  deposits  as  well  as  a few  early  red-bed 
units.  If  the  Catskill  Formation  were  to  be  dehned  on  the  basis  of  the 
first  appearance  of  red  coloration,  the  base  of  the  formation  would  be 
very  tenuous  and  arbitrary. 

Genetic  Considerations 

A number  of  fine  papers  regarding  the  general  nature  of  Middle  and 
Upper  Devonian  and  some  Mississippian  stratigiaphy  in  Pennsylvania 
are  contained  in  Shepps  (1963).  Fettke  (1941,  p.  48)  concisely  summarized 
some  of  the  broad  problems  surrounding  the  Upper  Devonian  in  western 
Pennsylvania.  Kelley  (1967,  p.  9),  in  his  work  on  the  Red  Valley  Sand- 
stone of  the  Upper  Devonian  farther  to  the  west,  has  presented  a clear 
picture  of  dominant  sedimentary  processes  that  may  well  apply  to 
laterally  equivalent  deposits  in  the  Sabula-Penfield  area. 

The  Upper  Devonian  sediments  above  the  Tully  Formation  generally 
reflect  continuing  uplift  in  the  source  area  along  with  continuing  sub- 
sidence in  the  geosyncline.  Paleoclimatic  effects  may  be  inferred  as  well, 
particularly  in  regard  to  the  red-bed  portions  of  the  section.  Cyclicity  of 
deposition  has  complicated  the  general  nature  of  the  sequence.  The 
causes  of  this  cyclicity  remain  a question,  but  probably  include  lateral 
switching  of  depositional  environments  related  to  deltaic  complexes,  or 
periodic  increases  in  orogenic  activity,  or  a combination  of  both  causes. 

General  upward  coarsening  characterizes  the  total  section  above  the 
Tully.  This  is  probably  a reflection  of  the  advance  of  increasingly  shal- 
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low  environments  of  deposition.  These  environments  likely  include  in 
general  upward  succession:  1)  open  marine  (basinal),  2)  prodeltaic,  and 
3)  deltaic  (delta  front,  beach  and  bar,  channel,  bay  and  mudflat,  etc.). 

Lithologic  Characteristics  and  Thickness 

I'he  lower  300  to  500  feet  of  the  section  is  brownish-black  to  dark- 
gray,  slightly  calcareous  clay  shale  that  is  often  pyritic,  micaceous,  and 
fossiliferous. 

The  overlying  500  to  800  feet  includes  interbedded  clay  shale  and  silt 
shale;  generally,  clay  shale  is  more  dominant.  These  shales  are  usually 
medium  dark  gray,  but  some  are  brownish  black.  They  are  micaceous, 
fossiliferous,  pyritic,  and  slightly  calcareous. 

Overlying  the  interbedded  shales  is  a long  .sequence,  about  2200  feet 
thick,  that  includes  medium-dark-gray  siltstone  with  brownish-black 
shale  interbeds.  I'his  thick  section,  dominated  by  siltstone,  is  calcareous, 
micaceous,  and  fossiliferous. 

I'he  remainder  of  the  Upper  Devonian  sequence  up  to  the  main  red- 
bed  section  is  interbedded  sandstone,  siltstone,  and  shale.  It  is  about 
1500  feet  thick.  Sandstones  and  siltstones  appear  to  dominate  and  are 
medium  light  gray  to  brownish  gray,  (juite  fossiliferous  in  parts  (crinoids, 
bryozoans,  ostracodes,  brachiopods),  calcareous,  and  micaceous.  Sporadic 
red  beds  and  sandy  limestones  occur;  the  red  beds  appear  in  about  the 
upper  500  feet. 

Red  beds  comprise  the  upper  300  to  400  feet  of  Upper  Devonian  strata 
and  are  usually  recorded  in  drilling  logs  as  the  "red  rock.”  This  red-bed 
sequence  is  generally  clay  shale  with  claystone  but  may  be  siltstone.  Cut- 
tings have  even  been  recorded  in  one  well  (Ca5)  as  dominantly  nonred 
sandstone  (Plate  4).  (The  driller's  log  of  the  well  at  Ca5  shows  a long 
section  of  “red  rock,”  so  it  must  be  assumed  that  the  cuttings  became 
bleached  by  the  time  they  were  logged.)  .Some  sporadic  green  zones 
occur,  along  with  calcareous  zones  and  some  thin  limestones.  This  red- 
bed  section  has  apparently  thinned  from  about  1300  feet  in  eastern 
Clearfield  County. 

d’he  total  thickness  of  Upper  Devonian  sediments  overlying  the  d ully 
Formation,  up  to  and  including  the  Catskill  red  beds,  amounts  to  an 
average  of  about  5200  feet  in  this  report  area. 

Nature  of  Devonian-Mississippian  Stratigraphic  Boundary 

The  Devonian-Mississippian  boundary  is  arbitrarily  drawm  at  the  top 
of  the  main  red-bed  sequence  (Plates  2,  3,  and  4).  This  boundary  was 
also  used  in  the  southern  part  of  the  Penfield  15-minute  quadrangle.  Un- 
doubtedly tliere  may  be  some  paleontologic  evidence  for  placing  the  top 
of  the  Devonian  higher,  within  what  we  call  “Pocono  ’ Formation.  It  is 
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the  authors’  opinion  that  the  Devonian-Mississippian  time  boundary  is 
within  a transition  and  is  not  marked  by  a lithostratigraphic  break. 
Rare  plant  fossils  (Rhacophyton  sp.)  collected  by  Dr.  J.  D.  Grierson  from 
surface  exposures  of  the  Pocono  Formation  in  this  area  have  previously 
been  reported  only  from  Upper  Devonian  rocks.  However,  most  plant 
fossils  from  surface  exposures  are  Mississippian.  The  authors  have  identi- 
fied marine  fossils  in  the  Pocono  as  early  Mississippian.  Further  work  on 
the  paleontology  is  clearly  necessary.  In  some  drilling  records,  up  to  200 
feet  of  the  section  over  the  main  red-bed  sequence  is  questionably  cor- 
related with  the  Devonian  Conewango  Formation. 

Some  drilling  records  have  been  used  to  illustrate  the  nature  and 
stratigraphic  relations  of  the  upper  part  of  the  Upper  Devonian  and 
Mississippian  strata  in  Plates  2,  3,  and  4.  In  addition  to  their  correlation 
value,  these  diagrams  have  been  made  to  establish  the  reliability  of  the 
major  red-bed  sequence  (Catskill)  as  a structural  datum.  (See  the  section 
on  “Structural  Geology”  in  this  report.)  Some  geologists  may  consider  the 
occurrence  of  red  coloration  as  too  sporadic  to  be  of  any  value  either  for 
stratigraphic  correlations  or  for  determining  structure.  The  authors  feel 
that  the  top  of  the  major  red-bed  sequence  (although  sporadic  in  a few 
records)  is  broadly  correlative  within  the  confines  of  the  Sabula  and 
Penheld  quadrangles;  that  line  of  correlation  is  shown  on  Plates  2,  3, 
and  4. 

Red  coloration  is  being  relied  on  here  based  on  the  belief  that,  at  least 
within  this  report  area,  the  mineralogy  of  the  now  red  colored  sediments 
may  well  reflect  a tectonic  or  paleoclimatic  event.  Whether  or  not  the 
red  pigment  is  detrital  or  diagenetic,  there  is  a major  body  of  red  strata 
that  occupies  a definite  position  in  the  stratigraphic  sequence.  The 
authors  believe  that  the  geologic  factors  causing  red  coloration  in  the 
main  body  of  Catskill  red  beds  represent  an  event  of  widespread  signifi- 
cance over  the  Sabula-Penfield  area.  The  same  factors  recurred,  as  indi- 
cated by  the  presence  of  red  beds  in  the  Pocono  Formation  (Plates  3 
and  4),  but  not  in  the  same  magnitude  as  during  the  Late  Devonian. 


Mississippian  Strata 

As  previously  noted,  the  Devonian-Mississippian  boundary  is  arbi- 
trarily placed  at  the  top  of  the  major  red-bed  sequence.  Succeeding  strata 
of  the  overlying  Pocono  Formation  represent  continued  deposition  of  a 
multiplicity  of  deltaic  sediments  and  delta-related  sediments. 

The  Pocono  Formation  ranges  from  slightly  more  than  800  to  about 
450  feet  thick  in  this  report  area  (Plates  2,  3,  and  4).  The  authors  believe 
that  general  northward  thinning  is  due  primarily  to  beveling  of  the 
Pocono  beneath  the  Mississippian-Pennsylvanian  unconformity.  Some 
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thickness  variation  of  this  formation  may  well  be  due  to  lateral  facies 
gradation  with  the  subjacent  Catskill  red  beds. 

I'he  Pocono  consists  of  interbedded  sandstone,  siltstone,  silt  shale,  and 
clay  shale.  The  sandstones  are  normally  light  gray,  micaceous,  calcareous, 
occasionally  pyritic,  and  frequently  Itear  brachiopods  and  crinoids.  The 
siltstones  and  shales  are  medium  gray  to  brownish  gray  with  sporadic 
grayish-red  and  greenish-gray  units  throughout  the  section  (Plates  3 
and  4).  Plant  fossils  are  fairly  abundant,  especially  in  the  shales;  some 
carbonaceous  stringers  occur. 

In  the  central  and  southern  portions  of  this  report  area,  a fairly  per- 
sistent sequence  of  interbedded  red,  green,  and  gray  siltstones  and  shales 
about  200  feet  thick  occurs  near  the  top  of  the  Pocono  Formation.  This 
was  delineated  as  a separate,  middle  member  of  the  Pocono  in  the 
southern  half  of  the  Penheld  15-minute  quadrangle  (Edmunds  and  Berg, 
1971,  p.  11).  That  member,  often  referred  to  as  the  “Patton"  red  beds, 
is  cut  out  toward  the  north  (Plate  4)  below  the  Mississippian-Pennsyl- 
vanian  unconformity. 

The  upper  member  (Burgoon  Sandstone)  of  the  Pocono  Formation, 
described  in  the  southern  Penheld  report  (Edmunds  and  Berg,  1971),  is 
probably  also  cut  out  toward  the  north  by  post-Mississippian  erosion. 
Some  of  the  Burgoon  Member  (Plate  1)  is  mapped  in  the  southeastern 
part  of  the  Penheld  7i/2-niinute  quadrangle.  The  general  lithology  and 
stratigraphic  extent  of  this  upper  member  are  shown  on  Plates  3 and  4. 
The  lower  boundary  of  Burgoon  sediments  is  affected  by  the  sporadic 
nature  of  the  “Patton”  red  beds  and  is  therefore  arbitrary.  The  possi- 
bility of  lateral  facies  change  between  Burgoon  and  “Patton"  shoidd  not 
be  dismissed. 

What  Edmunds  and  Berg  (1971)  described  as  the  “lower  sequence’’  of 
the  Pocono  Formation  (below  the  “Patton”  Member)  makes  up  the  bulk 
of  Mississippian  strata  in  this  report  area. 


SURFACE  STRATIGRAPHY 

Mississippian  Strata 

Pocono  Formation 

As  in  the  southern  Penheld  area,  the  Pocono  Formation  is  informally 
divisible  into  three  units:  the  upper  Burgoon  Sandstone;  the  middle 
red,  green,  and  gray  sequence  referred  to  as  “Patton”;  and  the  lower 
complex  of  sandstones,  siltstones,  and  shales.  The  subsurface  information 
that  the  authors  have  compiled  indicates  a regional  unconformity  be- 
tween the  Mississippian  and  Pennsylvanian  rocks;  pre-Pennsylvanian  ero- 
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sion  apparently  removed  the  Burgoon  Sandstone  and  “Patton”  red  beds 
toward  the  north  across  the  Sabula-Penfield  area. 

In  the  southeastern  portion  of  this  report  area,  the  Burgoon  is  about 
120  feet  thick.  The  middle  “Patton”  red-bed  section,  although  sporadic 
in  subsurface  records,  appears  to  be  on  the  order  of  100  to  200  feet  thick. 
The  lower  complex  is  about  500  to  600  feet  thick,  depending  both  on 
where  the  base  of  the  “Patton”  red  beds  is  placed  and  where  the  top  of 
the  Catskill  red  beds  is  placed. 

Pocono  Formation  rocks  are  exposed  at  the  surface  down  to  within 
about  250  feet  above  the  Catskill  red  beds.  The  lowest  actual  outcrop  is 
at  Ca20  on  the  southeastern  flank  of  Boone  Mountain  anticline,  where 
a gas  well  was  spudded  in  very  thin  bedded,  light-brown  to  light-olive- 
gray  sandstone,  siltstone,  and  silt  shale.  Some  bedding  planes  show  in- 
tense burrowing  with  worm  trails  whereas  others  display  abundant  plant 
fragments  and  debris.  On  the  northwestern  flank  of  Boone  Mountain 
anticline,  at  Ba2,  about  15  feet  of  the  lower  part  of  the  Pocono  is  ex- 
posed in  a small  pit.  It  is  light-olive-gray,  very  fine  grained,  micaceous 
sandstone  that  is  platy  to  very  thin  bedded.  At  the  borrow  area  at  Ba3, 
fine-  to  medium-grained  sandstone  and  siltstone,  silt  shale,  and  clay  shale 
were  removed.  The  clay  shale  is  moderate  yellow  green  to  light  olive 
gray.  Some  shale-chip  conglomerates  occur  in  the  sandstone. 

Some  scattered  drill  core  pieces  were  found  next  to  the  new  Brockway 
damsite  at  Ba4.  Apparently  the  section  just  below  the  damsite  includes 
medium-olive-gray,  very  fine  grained,  micaceous  sandstone  and  some  silt 
shale  with  abundant  plant  fragments.  One  piece  of  core  was  fine-  to 
medium-grained  sandstone  with  abundant  productid  brachiopod  shells 
scattered  throughout. 

A w'ater  well  drilled  in  the  fall  of  1969  at  Aa4  penetrated  120  feet  of 
the  lower  portion  of  the  Pocono  Formation.  A detailed  description  of 
cuttings  from  that  well  is  given  in  Appendix  1. 

Other  small  outcrops  and  areas  of  float  occur  in  the  lower  part  of  the 
Pocono,  but  the  best  exposures  by  far  are  in  the  new  roadcuts  along  Pa. 
Route  153  going  up  Wilson  Run  and  over  Boone  Mountain.  Several  de- 
tailed measured  sections  were  made  along  Wilson  Run,  and  the  locations 
of  these  sections  are  shown  in  Figure  2.  The  detailed  measured  sections 
are  described  in  Appendix  2.  Examination  of  the  Wilson  Run  roadcuts 
indicates  that  the  lower  complex  of  the  Pocono  Formation  represents  an 
interfingering  of  fossiliferous,  offshore,  shallow-marine  sands  with  plant- 
bearing, nearshore,  delta-distributary  sands  and  silts.  Some  beach  deposits 
may  be  represented  in  the  sequence.  In  addition,  sporadic  red  and  green 
claystones  and  clay  shales  may  represent  tidal-mudflat  environments  in 
association  with  the  deltaic  lithologies. 

In  1970,  Dr.  James  D.  Grierson  of  the  State  University  of  New  York  at 
Binghamton,  New  York,  examined  the  section  exposed  in  the  cuts  (sta- 


Figure  2.  Lower  Pocono  exposures  on  the  southeastern  t 
Appendix  2 for  verbal  descriptions  of  sections.) 
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tions  Ridgway  Ct2  and  Ca7)  along  Pa.  Route  153  at  Wilson  Run.  His 
paleobotanical  investigations  indicate  that  fossil  plants  from  those  sec- 
tions are  most  characteristic  of  zone  1 of  Read  and  Mamay’s  (1964) 
Upper  Paleozoic  floral  zones.  This  is  the  oldest  Carboniferous  floral  zone 
and  is  considered  to  be  Kinderhookian  (earliest  Mississippian)  in  age. 
Some  specimens  that  were  found  in  this  section  (Rhacophyton  sp.)  have 
previously  been  reported  only  from  Upper  Devonian  rocks.  Marine  in- 
vertebrates found  in  the  Wilson  Run  exposures  appear  to  further  sup- 
port a Kinderhookian  age  for  the  lower  complex  of  the  Pocono  Forma- 
tion in  this  area.  The  diverse  marine  community  includes  the  genera 
Rhipidomella,  Spirifer,  Camarotoechia,  Productus,  Orbiculoidea,  and 
Cypricardinia. 

Dr.  Grierson  states  (personal  common.,  1972)  that  he  found  Adiantites 
spectabilis  Read  and  Lepidodendropsis  sp.  at  station  Ridgway  Cf2.  A. 
spectabilis  occurs,  according  to  Grierson,  only  in  floral  zone  1.  At  station 
Ridgway  Ca7,  a more  diverse  flora  was  found,  including  Adiantites 
spectabilis,  Lepidodendropsis  sp.,  and  probable  Rhacophyton,  cf.  R. 
ceratangium  Andrews  and  Phillips.  Grierson  believes  that  the  occurrence 
of  Rhacophyton  should  be  regarded  as  an  extension  of  the  stratigraphic 
range  for  this  genus.  Prior  to  this  discovery,  Rhacophyton  was  known 
only  from  the  Upper  Devonian  of  Belgium,  Norway,  and  the  United 
States. 

Surface  exposures  of  the  middle  “Patton”  red-bed  section  and  the 
upper  Burgoon  Sandstone  are  very  poor.  Mapping  of  the  Burgoon  in  the 
southeastern  portion  (Plate  1)  of  this  area  has  been  done  solely  on  the 
basis  of  aerial  photographic  interpretation  and  tracing  of  topographic 
benches.  Extremely  good  exposures  of  these  middle  and  upper  Pocono 
units  occur  in  the  southern  Penfield  area,  and  lengthy  lithologic  descrip- 
tions are  included  in  Edmunds  and  Berg  (1971).  Extensive  paleobotani- 
cal work  done  in  this  part  of  the  Pocono  Formation  by  Professor  Wil- 
liam C.  Darrah  is  included  as  an  appendix  in  Edmunds  and  Berg  (1971). 


Mississippian-Pennsylvanian  Unconformity 

There  is  strong  evidence  that  an  unconformity  exists  between  Missis- 
sippian and  Pennsylvanian  rocks  in  this  area.  Three  basic  lines  of  evi- 
dence point  to  the  presence  of  a regional  unconformity. 

Eirst,  there  is  good  physical  evidence  that  basal  Pennsylvanian  sand- 
stones and  conglomerates  rest  on  an  erosion  surface  that  is  irregular, 
reflecting  paleotopography  on  the  Mississippian  rocks.  This  irregular  sur- 
face is  shown  in  the  line  of  drill  holes  on  Plate  3.  Paleotopographic 
irregularities  on  the  Mississippian  surface  have  been  recognized  by  Lamb 
(1911,  p.  105)  in  Ohio  below  the  Sharon  Conglomerate  (basal  Pottsville). 
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Carswell  and  Bennett  (1963,  p.  21)  indicate  that  the  Mississippian  Hemp- 
field  Shale  in  the  Neshannock  15-minute  quadrangle  in  Pennsylvania  is 
thinnest  under  channel  sand  deposits  at  the  base  of  the  Pennsylvanian 
Sharon  Formation.  The  authors  interpret  the  conglomeratic  sandstones 
in  the  Boone  Mountain  area  as  the  deposit  of  a braided-river  system  on 
an  alluvial  plain.  The  sudden  vertical  change  from  red,  green,  and  gray 
delta-front  sandstone  and  interdistributary  mudstone  of  the  Pocono  to 
braided  alluvial  white  and  gray  sandstone  and  conglomerate  of  the  Potts- 
ville  is  consistent  with  the  presence  of  an  unconformity,  and  indeed, 
appears  to  require  one. 

Second,  the  regional  stratigraphic  setting  provides  evidence  for  an 
unconformity.  It  is  apparent  that  this  unconformity  has  gradually  moved 
down  section  at  the  expense  of  Mississippian  strata  in  a northward  direc- 
tion across  the  central  part  of  the  state,  eliminating  the  Loyalhanna- 
Mauch  Chunk  sequence,  so  that  Pennsylvanian  rocks  lie  directly  on  the 
Pocono  Formation  in  the  Penfield  15-minute  quadrangle.  At  the  south- 
ern boundary  of  this  15-minute  quadrangle,  the  Pocono  includes  at  least 
300  feet  of  Burgoon  Sandstone  at  the  top;  at  the  northern  boundary 
(Boone  Mountain  area),  the  Burgoon  is  missing  along  with  the  under- 
lying “Patton”  red  beds.  On  a broader  scale,  Fettke  (1941,  p.  49) 
describes  the  unconformity: 

A pronounced  erosional  unconformity  at  the  contact  of  the  Pennsylvanian  and 
Mississippian  systems  bevels  successively  younger  and  younger  southerly-dipping 
Mississippian  strata  in  going  from  north  to  south  across  western  Pennsylvania.  In 
northern  McKean  County,  Pottsville  (Olean)  sandstone  rests  upon  the  lower  65  feet 
of  the  Knapp  formation,  the  lowest  member  of  the  Mississippian  system;  while  in 
Fayette  County,  the  Pottsville  overlies  the  Mauch  Chunk  red  shale,  the  highest 
member. 

Some  consideration  should  be  given  to  the  possibility  that  the  Burgoon 
and  “Patton”  are  missing  due  to  nondeposition  or  facies  change.  How- 
ever, if  depositional  processes  from  Mississippian  through  Pennsylvanian 
were  uninterrupted,  there  would  be  no  physical  or  paleobotanical  break 
in  the  sequence.  The  authors  believe  that  the  conglomeratic  sandstones 
in  the  Boone  Mountain  area  correlate  with  those  described  by  Ashburner 
(1880)  as  “Olean.”  L.  D.  Meckel's  (1967)  detailed  sedimentological  work 
on  the  Pottsville  conglomerates  (Olean-Sharon)  strongly  supports  the 
conclusion  that  the  conglomerates  in  the  northern  part  of  this  report 
area  are  truly  Early  Pennsylvanian  and  were  spread  across  a significant 
erosion  surface  developed  on  the  Mississippian  strata.  The  conglomeratic 
Pennsylvanian  section  is  not  developed  in  the  southern  part  of  the 
Sabula-Penfield  area;  the  stratigraphic  evidence  for  an  unconformity  in 
that  region  has  received  detailed  treatment  in  Edmunds  and  Berg  (1971). 
It  seems  possible  that  the  thick  Mercer  flint  clays  were  developed  while 
the  Pottsville  (Olean)  conglomerates  were  being  deposited  to  the  north. 
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Third,  there  is  paleobotanical  evidence  for  an  unconformity.  Fossil 
plants  found  in  the  roadcuts  along  Interstate  Route  80  in  the  southern 
Penfield  area  (Edmunds  and  Berg,  1971)  indicate  floral  zone  8 (middle 
Middle  Pennsylvanian)  resting  directly  and  unconformably  on  floral  zone 
2 (Middle  Mississippian).  On  Boone  Mountain  in  this  report  area,  the 
basal  Pennsylvanian  sandstones  and  conglomerates  rest  on  rocks  bearing 
fossil  plants  of  floral  zone  1 (Early  Mississippian)  as  established  by  Dr. 
f.  D.  Grierson  (personal  commun.).  If  these  basal  Pennsylvanian  sedi- 
ments are  correlative  with  the  Olean  and  Sharon  Conglomerates,  then 
floral  zone  6 would  rest  on  zone  1.  If  the  basal  Pennsylvanian  sediments 
on  Boone  Mountain  are  correlative  with  the  Elliott  Park  Eormation  to 
the  south,  then  floral  zone  8 would  rest  on  zone  1.  Thus  four,  if  not  six, 
floral  zones  are  missing.  Regardless  of  the  inexact  paleobotanical  dating 
of  the  basal  Pennsylvanian  on  Boone  Mountain,  there  is  a break  in  the 
floral  succession  that  points  toward  an  unconformity.  The  conclusion 
that  the  conglomeratic  sandstones  are  not  Mississippian  is  based  partly 
on  the  occurrence  of  numerous  plant  impressions  on  bedding  planes  that 
most  closely  resemble  Pennsylvanian  forms  (decorticated  fSigillaria  sp.). 
This  conclusion  is  simultaneously  based  on  the  regional  stratigraphic 
framework  outlined  above. 

In  summary,  the  authors  conclude  that  the  Mississippian  and  Pennsyl- 
vanian rocks  in  this  report  area  are  separated  by  an  unconformity  of 
widespread  signihcance.  The  existence  of  this  unconformity  is  based  on 
three  interdependent  lines  of  evidence,  including  physical  criteria,  re- 
gional stratigraphic  framework,  and  paleobotanical  findings.  Further 
study  of  the  conglomerates  north  of  this  report  area  along  with  investi- 
gation of  the  paleontology  of  underlying  Mississippian  rocks  may  more 
clearly  define  the  unconformity  and  further  beveling  of  the  Pocono 
Formation  to  the  north. 


Pennsylvanian  Strata 

Sabula  Drill  Hole 

I'he  most  detailed  description  of  Pennsylvanian  rocks  in  this  area  is 
the  log  of  the  core  drilled  in  the  Sabula  quadrangle  by  the  Pennsylvania 
Geological  Survey  in  June  of  1969.  The  drill  hole  is  located  at  Cb3  and 
penetrates  716  feet  of  the  Pennsylvanian,  including  all  of  the  Allegheny 
Group,  part  of  the  Conemaugh  Group,  and  most  of  the  Pottsville  Group. 
The  description  is  given  in  Appendix  3 of  this  report.  Another  detailed 
record  of  Pennsylvanian  rocks  from  this  area  is  the  log  of  the  Pennsyl- 
vania Railroad  drill  core,  which  was  drilled  in  June  of  1958  and  was 
located  at  Bel.  The  hole  penetrated  more  than  578  feet  of  strata,  includ- 
ing part  of  the  Conemaugh  Group,  all  of  the  Allegheny  Group,  and  the 
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upper  part  of  the  Pottsville  Group.  This  core  was  describeci  by  V.  C. 
Shepps  and  E.  G.  Williams,  and  their  description  is  given  in  Appendix  4 
of  this  report.  Readers  are  referred  to  these  appendices  as  well  as  to  the 
long  sections  and  other  long  drilling  records  shown  on  Plate  5. 

Pennsylvanian  Stratigraphic  Terminology 

I'he  terminology  used  in  this  report  for  stratigTaphic  units  within 
the  Pottsville  and  Allegheny  Groups  is  that  proposed  by  Edmunds  (1969) 
for  Clearheld  County.  His  terminology  and  formational  boundaries  are 
based  on  key  beds  rather  than  on  lithologic  homogeneity.  Since  there  is 
little  or  no  information  on  the  key  Mercer  coal  beds  and  their  strati- 
graphic framework,  it  has  not  been  possible  to  carry  his  Pottsville  termi- 
nology across  the  Punxsutawney-Caledonia  syncline.  However,  the 
Allegheny  formational  names  still  appear  to  be  justihable  for  mapping 
purposes  within  the  limits  of  this  report  area.  In  many  instances,  identi- 
fication of  the  key  coal  beds  is  necessarily  subjective. 

Pottsville  Group 

General.  In  the  southeastern  portion  of  the  Sabula-Penheld  area,  follow- 
ing the  mapping  of  Edmunds  and  Berg  (1971)  just  to  the  south,  the 
Pottsville  Group  is  subdivided  into  the  Elliott  Park  and  overlying  Cur- 
wensville  Formations.  This  subdivision  is  unrecognizable  in  the  vicinity 
of  Boone  Mountain  because  there  is  no  information  on  the  key  Mercer 
coal  beds  and  their  correlation.  It  is  mapped  in  that  area  as  Pottsville 
Group  undivided. 

Elliott  Park  Formation.  The  Elliott  Park  Formation  includes  all  the 
rocks  above  the  Mississippian-Pennsylvanian  unconformity  up  to  the 
base  of  the  lowest  Mercer  underclay.  This  formation  has  been  clehned  by 
Edmunds  (1969,  p.  17)  in  the  Elliott  Park  quadrangle.  Following  this 
definition,  the  portion  of  the  Sabula  drill  hole  below  664.5  feet  would  be 
included  in  the  Elliott  Park  Formation.  (The  bottom  of  the  Pottsville 
was  not  penetrated  in  this  drill  hole.)  The  identihcations  of  Mercer  coals 
in  the  Sabula  drill  hole  are  tentative  and  subject  to  change.  They  do 
not  serve  as  the  basis  of  a complete  stratigraphic  framework. 

Exposures  in  the  southeastern  portion  of  the  Sabula-Penheld  area  are 
very  poor  and  sparse.  The  mapping  of  the  Elliott  Park  Formation  is 
based  on  stratigraphic  intervals  established  by  Edmunds  and  Berg  (1971) 
and  Glover  (1970),  and  on  aerial  photographic  interpretation  of  topo- 
graphic benches. 

The  Elliott  Park  is  dominantly  sandstone  which  has  been  correlated 
with  the  Upper  Connoquenessing  Sandstone  and  related  lithologies  be- 
low the  Lower  Mercer  clay  (Edmunds,  1969,  p.  17),  and  ranges  up  to  65 
feet  thick.  Large  float  blocks  were  frequently  seen  near  outcrops  in  this 
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area,  particularly  at  Fb20  (Figure  3)  and  Fb21.  The  sandstone  is  very 
similar  to  the  underlying  Burgoon  Sandstone.  It  is  fine-  to  medium- 
grained,  very  light  to  light-gray  or  light-brownish-giay,  quartzose  sand- 
stone. Some  rootworking  occurs  near  the  top.  Bedding  thickness  varies 
from  1 inch  up  to  about  2 feet.  The  unit  displays  trough  crossbedding 
and  internal  channeling.  Below  the  sandstone,  the  Quakertown(?)  coal 
may  be  sporadically  developed;  it  ranges  from  0 to  0.5  feet  thick  in  the 
southern  Penfield  area.  Edmunds  and  Berg  (1971,  p.  22)  describe  a 
localized  unit  (up  to  6 feet  thick)  below  the  coal  that  consists  of  pinkish 
interbedded  sandstone  and  clay  shale. 

Ciirwensville  Formation.  The  Curwensville  Formation  includes  the  rocks 
from  the  base  of  the  lowest  Mercer  underclay  to  the  base  of  the  Clarion 
no.  1 coal  as  defined  by  Edmunds  (1969,  p.  17).  This  formation  includes 
the  section  from  570.3  to  664.5  feet  in  the  Sabula  drill  hole.  Designation 
of  the  Clarion  no.  1 coal  horizon  in  the  Sabula  drill  hole  is  difficult 
because  there  are  several  closely  spaced,  thin  coaly  zones  with  underclay 
horizons  that  could  correlate  with  the  Clarion  no.  1 coal.  The  authors 
have  arbitrarily  chosen  the  lowest  coaly  zone  (with  its  well-developed 


Figure  3.  Crossbedding  in  Upper  Connoquenessing  Sandstone 
exposed  on  eastern  shore  of  Parker  Dam  Lake  at  station 
Fb20. 
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underclay  horizon)  at  570.3  feet  as  the  Clarion  no.  1 coal.  The  Pennsyl- 
vania Railroad  drill  hole  penetrated  only  the  top  of  the  Curwensville 
Formation.  This  formation  is  highly  variable  in  thickness  and  lithologic 
character  in  the  southern  half  of  the  Penfield  15-minute  quadrangle 
(Edmunds  and  Berg,  1971,  p.  23).  As  demonstrated  in  the  Sabula  drill 
hole,  the  formation  is  at  least  equally  complex  in  lithologic  aspect,  but 
the  paucity  of  other  information  makes  it  impossible  to  describe  its 
variation  over  the  Sabula  and  Penfield  quadrangles.  It  is  fairly  clear  from 
the  Sabula  drill  hole  that  there  are  two  coal  groups  in  the  Curwensville 
as  in  the  quadrangles  to  the  south  and  southeast,  but  the  extent  of  split- 
ting here  is  not  known.  The  formation  as  mapped  in  the  southeastern 
portion  of  this  report  area  is,  on  the  average,  80  feet  thick.  Actual  map- 
ping of  the  formation  is  based  on  aerial  photographic  interpretation  as 
well  as  extrapolation  of  data  from  the  southern  Penfield  area  and  the 
southern  Clearfield  area.  The  Homewood  Sandstone  Member  of  the 
Curwensville  appears  to  be  well  developed  and  probably  ranges  up  to 
25  feet  thick  in  the  southeastern  portion  of  this  report  area.  The  Home- 
wood  (Figure  4)  is  a quartzose  sandstone  ranging  from  medium  to  very 
coarse  grained  with  a sericite  matrix  and  considerable  authigenic  silica 


Figure  4.  Photomicrograph  of  thin  section  of  Homewood  Sand- 
stone from  Panther  Rocks  area  at  station  Clearfield  Acl, 
showing  nature  of  quartz  framework,  sericite  matrix  (M), 
and  authigenic  silica  cement  (C).  Crossed  nicols. 
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cement.  Tabular  crossbedding  is  apparently  a dominant  type  of  stratifi- 
cation in  the  Homewood  Member. 

Pottsville  Group  Undivided.  Over  the  Boone  Mountain  anticline  region, 
the  authors  have  been  unable  to  locate  key  Mercer  coals  and  therefore 
cannot  dilferentiate  the  Elliott  Park  and  Curwensville  Formations.  The 
thickness  of  the  undifferentiated  Pottsville  Group  in  the  Boone  Moun- 
tain area  is  estimated  to  range  from  about  150  feet  to  about  200  feet, 
but  nowhere  is  the  entire  group  penetrated  in  the  drilling  records  from 
Boone  Mountain,  as  none  of  the  drilling  started  above  the  top  of  the 
group. 

In  the  Sabula  drill  hole  (supplemented  by  drilling  records  from  the 
adjacent  gas  well),  the  Pottsville  Group  is  160  feet  thick.  The  basal 
conglomeratic  sandstone  portion  is  about  56  feet  thick.  The  Quakertown 
coal  horizon  is  not  identifiable  in  this  drill  hole.  Thin-section  analysis 
of  this  sandstone  (Figure  5)  indicates  that  it  is  an  immature  to  sub- 
mature subphyllarenite  (classification  of  Folk,  1968).  The  results  of  the 
analysis  are  as  follows: 

Thin  section  no.  74aDH-25 
Depth  in  Sabula  drill  hole — 683.3  feet 
Estimated  grain  size  range — 0. 1 to  2.0  mm 
Average  grain  size — approx.  0.6  mm 
Composition,  based  on  500  point-count  percent 


Quartz* 

78.9% 

Chert  fragments 

0.2% 

Metamorphic  rock  fragments 

3.5% 

Coarse  mica  ( >0.03  mm) 

2.3% 

Zircon 

Trace 

Kaolinite  matrix 

2.3% 

Sericite  or  illite  matrix 

2.5% 

Sericite-chert  composite 
binder 

6.4% 

Authigenic  silica  cement 

3.1% 

Voids  and  unidentified 

0.8% 

* Includes  strained  and  unstrained  quartz,  polycrystalline  quartz,  and  stretched  meta- 
morphic  quartz. 

The  character  of  the  group  has  changed  with  the  development  of  very 
coarse,  quartzose  conglomerates  in  the  basal  60  to  80  feet,  presumably 
below  the  Quakertown  coal  horizon.  Lack  of  exposure  and  drilling  infor- 
mation in  this  area  prevents  discussion  of  the  group  above  the  basal 
conglomeratic  sandstones.  The  best  physical  description  of  the  upper 
part  of  the  group  nearest  the  Boone  Mountain  area  is  in  the  Sabula  drill 
hole  log.  The  conglomerates  clearly  overlie  Mississippian  strata,  and  are 
the  same  as  the  basal  Pottsville  “Glean”  conglomerates  described  by 
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Figure  5.  Photomicrograph  of  thin  section  of  Pottsville  subphyl- 
larenite  from  683.3  feet  in  the  Sabula  drill  hole  at 
station  Cb3,  showing  various  quartz  types  and  small 
pockets  of  clay  matrix.  Crossed  nicols. 

C.  A.  Ashburner  of  the  Second  Pennsylvania  Geological  Survey.  In  dif- 
ferentiating the  Pennsylvanian  conglomerates  from  Mississippian  ones, 
he  states  (1880,  p.  57): 

At  the  bottom  of  the  Coal  Measures  we  find  a hard,  massive,  coarse-grained 
sandstone  and  conglomerate  immediately  overlying  the  green,  gray  and  olive  sand- 
stones and  shales  which  characterize  the  interval  between  the  Olean  and  Sub-Olean 
conglomerates. 

The  pebbles  in  the  upper  conglomerate  are  invariably  round  or  prolate  spheroids 
(egg  shaped)  consequently  this  rock  cannot  be  mistaken  for  the  lower  or  Sub-Olean 
Conglomerate  in  which  the  pebbles  are  flat  or  oblate  spheroids  having  the  shape 
of  a flattened  orange. 

Both  Ashburner’s  and  the  authors’  observations  tend  to  overrule  the 
possibility  of  a Mississippian  age  for  this  conglomerate. 

It  is  important  to  note  here  that  several  specimens  of  large  plant  im- 
pressions were  observed  and  collected  (Figure  6)  in  this  very  coarse 
grained  sandstone  and  conglomerate.  Although  preservation  is  poor  and 
some  paleobotanical  speculations  may  be  possible,  these  impressions  are 
probably  Sigillaria,  a common  genus  in  the  Pennsylvanian,  but  rare  in  the 
Mississippian.  These  impressions  bear  no  resemblance  to  plant  trunks  or 
branches  that  the  authors  have  seen  in  the  underlying  Pocono  sediments. 
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Figure  6.  Plant  impression  in  Pottsville  sandstone  from  Boone 
Mountain  at  station  Ca2. 

The  basal  Pottsville  conglomerate  may  be  seen  at  many  places  over 
the  Boone  Mountain  anticline,  mostly  as  large  float  blocks,  especially 
where  excavations  for  natural  gas  transmission  pipelines  have  unearthed 
large  boulders  as  at  Bal3  (Figure  7).  Other  good  areas  of  heavy  conglom- 
eratic float  occur  at  Ba9,  Ball,  Bal5,  Bal7,  Ba20,  Ba21,  Ba23,  Ca2,  Ca3, 
Ca6,  Cal3,  Cal4,  Cal5,  Cal7,  and  above  the  section  at  Ridgway  Cf2.  The 
best  exposure  of  the  basal  Pottsville  is  at  Cal 8,  above  Pete  Buck  Hollow, 
where  a “rock  city”  has  developed  in  the  massive  sandstones  (Figure  8). 
Here,  the  Pottsville  is  medium  grained  to  very  coarse  grained  with 
sporadic  lenses  of  granule  and  pebble  conglomerate.  Some  beds  are  par- 
allel bedded  with  no  clear  crossbedding.  The  sandstone  is  poorly  sorted; 
colors  are  moderate  orange  pink  and  white,  weathering  to  light  gray  and 
pale  reddish  brown  in  places.  Bedding  varies  from  3 inches  to  1 foot,  but 
the  sandstone  body  remains  intact  as  huge,  massive  blocks.  The  sand 
grains  are  generally  angular  to  subangular  and  are  moderately  sorted. 
There  are  about  equal  amounts  of  clay  matrix  and  silica  cement.  Some 
vague  ripple  bedding  occurs  near  the  top  of  the  outcrop. 
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Figure  7.  Quartz-pebble  conglomerate  in  Pottsville  Group  on 
Boone  Mountain  at  station  Bal3. 


Figure  8.  Massive  Pottsville  sandstone  above  Pete  Buck  Hollow  at 
station  Cal8.  Hammer  in  center  of  photograph  gives 
scale. 
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Another  “rock  city”  that  has  developed  in  these  Pottsville  conglom- 
erates may  be  found  at  Da38  (Figure  9).  Here  the  sandstone  is  coarse 
grained  with  a few  very  coarse  grains  and  with  lenses  of  granule  and 
pebble  conglomerate.  The  unit  is  very  light  gray  to  white  with  occasional 
brownish  streaks,  is  very  porous  and  poorly  cemented,  and  exhibits  mas- 
sive bedding,  mostly  6 to  8 feet  thick. 

The  majority  of  pebbles  and  cobbles  in  the  basal  Pottsville  conglom- 
erate are  rounded  to  well  rounded,  and  usually  display  moderate  sphe- 
ricity. Some  pebbles  are  oblong.  The  pebbles  are  dominantly  very  light 
gray  to  white  metamorphic  quartzite  (Figures  10  and  11),  but  the  authors 
have  found  rare  pebbles  of  hard,  grayish-black  schist  and  badly  weath- 
ered medium-gray  limestone. 

Allegheny  Group 

General.  The  Allegheny  Group,  subdivided  into  five  formations,  is  the 
most  economically  important  stratigraphic  interval  in  the  Sabula-Pen- 
field  area,  containing  at  least  five  minable  coal  seams.  The  Lower  Kittan- 
ning no.  3 coal  is  the  most  widely  mined. 

The  group  varies  from  310  to  330  feet  thick.  However,  because  of  the 
uncertainty  in  correlating  the  Lower  and  Upper  Freeport  coals  in  the 


Figure  9.  Massive  Pottsville  conglomerate  at  station  Da38. 
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Figure  10.  Photomicrograph  of  thin  section  of  metamorphic 
quartzite  pebble  from  the  basal  Pottsville  conglomerate 
on  Boone  Mountain  at  station  Bal3.  Crossed  nicols. 

drill  records  at  Bel,  Bc2,  and  Cc2  (Plate  5),  and  considering  the  possible 
existence  of  a local  coal  between  the  Mahoning  and  Upper  Freeport  coal 
horizons,  the  total  thickness  of  the  Allegheny  Group  may  reach  350  feet. 
The  sedimentological  aspects  of  this  possible  apparent  thickening  are 
unknown,  and,  considering  the  limited  number  of  records  available,  any 
correlation  of  those  units  must  be  regarded  as  tentative.  Part  of  the 
thickness  variation  is  due  to  Pennsylvanian-age  erosion  at  the  top  of  the 
group  with  a consequent  local  disconformity  in  places  beneath  the  I.ower 
Mahoning  Sandstone  of  the  Conemaugh  Group.  Another  cause  for  varia- 
tion in  the  thickness  of  the  Allegheny  is  internal  thinning  and  thicken- 
ing of  the  individual  formations. 

Clearfield  Creek  Formation.  The  Clearfield  Creek  Formation  includes  all 
the  strata  from  the  base  of  the  Clarion  no.  1 coal  up  to  the  base  of  the 
Lower  Kittanning  no.  1 coal.  This  is  the  most  poorly  exposed  formation 
within  the  Allegheny  Group;  on  that  account,  very  little  can  be  said 
about  the  unit  over  the  whole  of  the  Sabula-Penfield  area. 

In  the  Sabula  drill  hole,  the  section  from  about  495.0  feet  to  570.4  feet 
constitutes  the  Clearfield  Creek  Formation.  The  Lower  Kittanning  no.  1 
coal  is  poorly  represented  in  the  drill  hole  and  may  be  lacking.  Its  hori- 
zon is  arbitrarily  picked  at  about  495.0  feet,  clearly  below  the  thick 
underclay  complex  developed  beneath  the  Lower  Kittanning  no.  3 coal. 
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Figure  11.  Photomicrograph  of  thin  section  of  strongly  deformed, 
recrystallized  metamorphic  quartzite  pebble  from  the 
basal  Pottsville  conglomerate  on  Boone  Mountain  at 
station  Bal3.  Crossed  nicols.  Note  crystal  alignment  and 
strongly  sutured  contacts. 

The  thickness  of  the  Clearfield  Creek  is  close  to  75  feet  in  the  Sabula 
drill  hole.  In  the  Pennsylvania  Railroad  drill  hole  (Appendix  4),  the 
Lower  Kittanning  no.  1 coal  is  probably  absent,  although  the  coaly 
streaks  in  the  sandstone  that  underlies  the  rather  thick  claystone  de- 
veloped below  the  Lower  Kittanning  no.  3 coal  may  represent  this  unit. 
Based  on  this  consideration,  the  horizon  of  the  Lower  Kittanning  no.  1 
coal  is  arbitrarily  picked  at  507.0  feet.  The  base  of  the  Clarion  no.  1 coal 
is  at  563.08  feet,  making  the  thickness  of  the  Clearfield  Creek  Formation 
about  56  feet  in  this  hole. 

The  formation  varies  up  to  about  90  feet  thick,  depending  on  the 
vertical  positions  of  the  Clarion  no.  1 and  Lower  Kittanning  no.  1 coal 
horizons.  The  underclay  sequence  beneath  the  Lower  Kittanning  no.  3 
coal  is  estimated  to  average  about  20  feet  in  thickness. 

The  Vanport  Limestone  horizon,  although  encountered  in  the  Sabula 
drill  hole,  was  never  observed  in  the  Sabula-Penfield  area  in  surface 
outcrop.  Ashburner  (Ashburner  and  Shaefer,  1885,  p.  240-241)  reports  an 
outcrop  of  the  “Ferriferous  Limestone”  (the  Vanport)  along  Little  Toby 
Creek  in  Snyder  Township,  Jefferson  County,  only  a short  distance  from 
the  Jefferson-Elk  County  line.  This  limestone  bed  also  crops  out  in  the 
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hill  east  of  Brockport.  The  authors  could  not  locate  any  limestone  out- 
crop along  Toby  Creek  in  this  report  area,  but  a few  feet  of  fossiliferous 
Vanport  Limestone  does  crop  out  upstream,  about  1 miles  into  the 
Ridgway  15-minute  quadrangle. 

A generalized  sequence  for  the  Clearheld  Creek  Formation  is  as  follows 
(descending  order): 

Underclay  (0  to  8 ft). 

Kittanning  Sandstone  with  disconformity  at  base  (0  to  15  ft). 

Fossiliferous  clay  shale  and  limestone  sequence  (Vanport  Limestone)  (up  to  7 ft). 

Shale  and  sand-silt  laminite  sequence  (about  10  ft). 

Clarion  no.  3 coal  horizon  (0  ft  to  few  in.). 

Prograded  sequence — carbonaceous  shale,  sand-silt  laminite,  to  sandstone  (up  to 
20  ft). 

Clarion  no.  2 coal  (up  to  0.7  ft). 

Mixed  underclay,  sandstone,  and  carbonaceous  shale  sequence  (up  to  28  ft). 

Clarion  no.  1 coal  horizon  (up  to  0.5  ft). 

Only  a sparse  number  of  surface  exposures  of  the  Clearheld  Creek  are 
available  in  this  area.  They  are  located  in  the  northwestern  part  of  the 
Sabula  quadrangle  at  AalO,  Aal2,  and  Aal3,  and  in  the  central  part  of 
the  Sabula  quadrangle  at  Bb8.  At  Aal2,  only  8 feet  of  the  Kittanning 
Sandstone  is  exposed;  it  is  light-gray,  micaceous,  interbedded  sand-silt 
laminite  and  sandstone,  with  common  ripple  bedding.  The  sandstone  is 
very  hne  to  hne  grained  and  weathers  to  chippy  and  slabby  fragments. 
Measured  sections  at  AalO,  Aal3,  and  Bb8  are  given  in  Appendix  5 
(p.  A43). 

Millstone  Run  Formation.  The  rocks  from  the  base  of  the  Lower  Kittan- 
ning no.  1 coal  up  to  the  base  of  the  Middle  Kittanning  coal  are  in- 
cluded in  the  Millstone  Run  Formation.  The  section  from  396.8  feet  to 
about  495.0  feet  in  the  Sabula  drill  hole  constitutes  the  Millstone  Run 
Formation.  The  Millstone  Run  Formation  in  the  Pennsylvania  Railroad 
drill  hole  includes  the  section  from  418.25  feet  to  507.0  feet,  a thickness 
of  approximately  89  feet.  As  mentioned  before,  the  Lower  Kittanning 
no.  1 coal  horizon  is  picked  below  the  thick  underclay  complex  devel- 
oped beneath  the  Lower  Kittanning  no.  3 coal.  Although  the  Lower 
Kittanning  no.  1 coal  is  usually  poorly  developed  and  exposed,  the 
authors’  experience  (especially  in  the  southern  half  of  the  Penfield  15- 
minute  quadrangle)  has  been  that  this  key  bed  is  recognizable  in  drill 
holes  or  clear  surface  exposures  below  the  thick  underclay  complex.  The 
Lower  Kittanning  no.  1 split  probably  persists  over  the  Sabula-Penfield 
area.  At  Ec5,  the  Lower  Kittanning  no.  1 coal  was  clearly  exposed  as  a 
blossom  beneath  20  to  24  feet  of  underclay. 

This  formation  averages  70  to  80  feet  in  thickness.  The  Lower  Kittan- 
ning no.  3 coal  is  the  most  extensively  mined  seam  in  this  area  (Plate  7). 
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Figure  12.  Exposure  of  the  Millstone  Run  Formation  in  an  aban- 
doned strip  mine  at  station  BblO.  Dark  shales  exposed 
at  upper  left  are  overlying  the  Middle  Kittanning  coal 
horizon. 


Figure  13.  Asymmetrical  ripple  marks  in  the  Millstone  Run  For- 
mation at  station  BblO,  about  34  feet  above  the  Lower 
Kittanning  no.  3 coal. 
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A generalized  sequence  for  the  Millstone  Run  Formation  with  average 
unit  thicknesses  is  as  follows  (descending  order): 

Rootworked  claystone  or  siltstone  (Middle  Kittanning  underclay  horizon)  (1  to  6 ft). 

Interbedded  silt  shale  and  clay  shale,  sometimes  with  thin  black  shale  near  middle 
(Lower  Kittanning  no.  4 coal  horizon?),  sometimes  with  channel  sandstone  (Lower 
Worthington?)  (up  to  25  ft). 

Fossiliferous  marine  siltstone  or  sandstone  (0  to  2 ft). 

Interbedded  silt  shale  and  sand-silt  laminite  or  well-developed  sandstone  with  dis- 
conformity  at  base  (10  to  38  ft). 

Fossiliferous  marine  black  shale  grading  up  through  clay  shale  to  silt  shale  to  sand- 
silt  laminite  (6  to  23  ft). 

Lower  Kittanning  no.  3 coal  (1.4  to  3.6  ft). 

Underclay  complex  (20  to  27  ft). 

Lower  Kittanning  no.  1 coal  (0  to  0.2  ft). 

Plate  6 shows  the  general  nature  of  the  Millstone  Run  along  the  north- 
western flank  of  the  Punxsutawney-Caledonia  syncline  and  in  a line 
roughly  perpendicular  to  the  axis  of  the  syncline. 

Detailed  lithologic  descriptions  of  the  Millstone  Run  Formation  from 
the  best  exposures  in  strip-mine  highwalls  in  this  report  area  are  given 
in  Appendix  5 (p.  A43-A50).  Typical  exposures  of  the  Millstone  Run  are 
shown  in  Figures  12,  13,  14,  and  15. 


Figure  14.  Millstone  Run  Formation  at  station  Da2,  near  Middle 
Branch  of  Wilson  Run.  Lower  Kittanning  coal  is  being 
mined;  Middle  Kittanning  coal  is  near  top  of  highwall. 
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Figure  15.  Millstone  Run  Formation  at  the  Horning  Run  heading 
of  the  Lady  Jane  mine  at  station  Fb2.  The  Middle  Kit- 
tanning coal  is  exposed  32  feet  above  the  mined  seam 
(Lower  Kittanning). 

Mineral  Springs  Formation.  The  Mineral  Springs  Formation  includes  the 
strata  from  the  base  of  the  Middle  Kittanning  coal  upward  to  the  base 
of  the  Upper  Kittanning  coal.  Both  of  these  coals  are  generally  laterally 
continuous;  their  identity  as  key  beds  is  less  in  doubt  than  those  in  the 
underlying  Pennsylvanian  formations.  Some  confusion  may  arise  if  the 
Middle  Kittanning  coal  is  miscorrelated  with  the  Lower  Kittanning  no. 
4 coal  horizon.  There  is  also  a possibility  of  misidentifying  the  Middle 
Kittanning  no.  2 rider  coal  as  the  Upper  Kittanning  coal.  (See  drill  hole 
Bc2,  Plate  5.) 

The  Mineral  Springs  Formation  averages  75  feet  in  thickness  but  thins 
eastward.  The  addition  of  one  or  two  “rider”  coals  to  the  section  appears 
to  complicate  the  sequence  in  a westward  direction.  The  Mineral  Springs 
varies  from  about  50  feet  to  about  85  feet  thick  over  the  Sabula-Penfield 
area.  The  section  from  396.8  feet  to  317.2  feet  in  the  Sabula  drill  hole 
constitutes  the  Mineral  Springs  Formation.  In  the  Pennsylvania  Railroad 
drill  hole,  the  interval  from  418.25  feet  to  335.17  feet  represents  this 
formation.  A generalized  sequence  for  the  Mineral  Springs  Formation  is 
as  follows  (descending  order): 

Rootworked  claystone  and  siltstone,  flint  or  semiflint  clay,  argillaceous  limestone, 
and  sand-silt  laminite  (Upper  Kittanning  underclay  complex,  Johnstown  Lime- 
stone, and  associated  bioturbated  laminites)  (8  to  32  ft). 
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Coal  (variously  identified  as  Middle  Kittanning  no.  2 rider  coal  or  “Luthersburg” 
coal)  (0  to  0.4  ft). 

Sandstone,  sand-silt  laminite,  and  silt-clay  laminite  wdth  possible  underclay  horizon 
at  top  (Upper  Worthington?  sandstone)  (0  to  18  ft). 

Dark,  fossiliferous  marine  clay  shale,  prograded  upward  to  silt  shale  and  silt-clay 
laminite  with  plant  fossils  (10  to  18  ft). 

Coal,  grading  laterally  to  black  shale,  probably  equivalent  to  the  “black  band’’  in 
the  adjacent  Luthersburg  7j/2"nainute  quadrangle  to  the  south  (Middle  Kittanning 
no.  1 rider  coal)  (0.1  to  0.8  ft). 

Interbedded  sandstone,  siltstone,  sand-silt  laminite,  silt-clay  laminite,  grading  down- 
ward to  silt  shale  and  clay  shale  with  plant  fossils  throughout  and  an  underclay 
horizon  developed  at  the  top  (13  to  28  ft). 

Carbonaceous  black  shale  grading  upward  to  dark  silt  shale  with  marine  or  brackish 
invertebrate  fossils  (0  to  15zb  ft). 

Middle  Kittanning  coal  (0.7  to  2.2  ft). 

This  general  sequence  is  best  defined  by  drill-hole  information  (Plate 
5).  The  lithologic  descriptions  in  the  Sabula  and  Pennsylvania  Railroad 
drill  holes  are  the  most  detailed  representation  of  this  formation.  De- 
tailed descriptions  of  the  lower  part  of  the  Mineral  Springs  Formation 
are  recorded  in  sections  described  with  the  underlying  Millstone  Run 
Formation  at  Abl,  BblO,  Da2,  Ridgway  Efl,  Fb2,  Ec4,  and  Ec6  (see  meas- 
ured sections  under  “Millstone  Run  Eormation,  ' Appendix  5,  p.  A45- 
A50).  Other  sections  of  the  Mineral  Springs  were  measured  at  Acl,  Eb53, 
and  Eel 2,  and  are  included  in  Appendix  5,  p.  A50-A51. 

No  additional  information  on  the  Mineral  Springs  Formation  is  avail- 
able. The  Johnstown  Limestone  horizon  is  exposed  in  a number  of 
places  and  is  covered  at  greater  length  in  the  section  on  “Limestone” 
in  the  “Mineral  Resources”  portion  of  this  atlas. 

Laurel  Run  Formation.  The  Laurel  Run  Eormation  includes  the  rocks 
lying  above  the  base  of  the  Upper  Kittanning  coal  and  below  the  base 
of  the  Lower  Freeport  coal.  These  key  beds  appear  to  be  widespread  and 
normally  persistent.  In  some  instances,  as  in  drill  hole  Bel  (Plate  5),  the 
Lower  Freeport  coal  may  interfinger  with  sandstone.  As  in  the  southern 
Penfield  area,  the  Lower  Freeport  coal  may  be  missing  where  eroded 
prior  to  deposition  of  overlying  Pennsylvanian  sandstones.  The  authors 
have  also  noted  the  possibility  that  both  of  these  key  beds  may  grade 
laterally  (Plate  5)  to  black  shales. 

The  Laurel  Run  varies  from  27  to  about  62  feet  thick.  The  section 
from  about  317.2  feet  to  289.6  feet  in  the  Sabula  drill  hole  constitutes 
the  Laurel  Run  Formation.  In  the  Pennsylvania  Railroad  drill  hole  the 
Laurel  Run  Formation  represents  the  interval  from  about  291.16  feet  to 
335.17  feet.  A general  sequence  for  this  formation  is  as  follows  (descend- 
ing order): 

Rootworked,  coaly  shale  and  laminite  to  rootworked  claystone  with  limestone 
nodules  and  sporadic  limestone  beds  (Lower  Freeport  underclay)  (0  to  6 ft). 
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Sand-silt  laminite,  sandstone,  and  siltstone,  grading  downward  to  olive  clay  shale 
(0  to  12  ft). 

Carbonaceous  clay  shale  (Upper  Kittanning  rider  coal  horizon?)  (0  to  0.2  ft). 

Rootworked  claystone,  possibly  with  some  sporadic  limestone  (0  to  3 ft). 

Sandstone  (occasionally  dominating  entire  section)  (Freeport?)  and  sand-silt  laminite, 
grading  downward  through  olive  siltstone  and  silt  shale  to  olive  clay  shale  with 
some  calcareous  siltstone;  siderite  or  limonlte  concretions  often  occurring,  plant 
fragments  common  (18  to  45  ft). 

Dense,  black  clay  shale,  with  rare  plant  fragments  (0.2  to  1 1 ft). 

Silty  clay  shale  with  plant  fragments  (0  to  5 ft). 

Upper  Kittanning  coal  (0  to  4.3  ft). 

I’he  measured  sections  at  Aa9,  Acl2,  AclO,  Ab6,  Ab5,  Ab3,  Bb23, 
Dell,  and  Ea6  (Appendix  5,  p.  A51-A54)  give  the  most  detailed  picture 
of  Laurel  Run  lithologies  visible  in  surface  outcrop.  The  best  exposures 
are  concentrated  in  the  Clear  Run  and  Narrows  Creek  areas  in  the 
Sabula  quadrangle. 

Glen  Richey  Formation.  The  Glen  Richey  Formation  includes  those 
rocks  lying  above  the  base  of  the  Lower  Freeport  coal  and  below  the  top 
of  the  Upper  Freeport  coal.  Some  stratigraphic  complications  occur  with 
regard  to  the  lateral  extent  of  these  key  coal  beds. 

Along  the  southern  edge  of  the  Sabula-Penfield  area,  in  the  Punxsu- 
tawney-Caledonia  syncline,  the  Upper  Freeport  coal  is  apparently  occa- 
sionally missing  as  it  was  in  the  southern  Penfield  area.  This  is  due  to 
Pennsylvanian  channel  erosion  and  deposition  of  the  Mahoning  Sand- 
stone of  the  Conemaugh  Group.  In  some  places  in  the  southern  Penfield 
area  (Fdmunds  and  Berg,  1971,  p.  45),  even  the  Lower  Freeport  coal  was 
removed  before  Mahoning  deposition;  in  this  situation,  the  Glen  Richey 
is  entirely  absent.  The  authors  cannot  demonstrate  that  the  Glen  Richey 
Formation  is  completely  absent  anywhere  in  this  report  area  without 
more  subsurface  records,  but  that  possibility  should  not  be  discounted. 

It  seems  evident  that  the  Lower  Freeport  coal  may  grade  laterally  into 
thin  coaly  zones  (drill  hole  Bel,  Plate  5)  in  the  Butler  or  Mahoning 
Sandstone  complexes.  Alternatively,  it  may  be  possible  that  the  Lower 
Freeport  coaly  zones  are  associated  with  the  uppermost  portion  of  the 
Freeport  Sandstone  complex. 

Both  the  Lower  and  Upper  Freeport  coals  apparently  may  grade 
laterally  to  carbonaceous  shales  as  in  drill  hole  Bc2  (Plate  5). 

There  is  a possibility  of  miscorrelation  of  the  Upper  Freeport  coal 
with  a Lower  Freeport  rider  coal,  especially  in  the  north-central  part  of 
the  Penfield  7i^-minute  quadrangle.  If  the  coal  tentatively  identified  as 
a Lower  Freeport  rider  is  actually  the  Upper  Freeport  coal,  then  an 
Upper  Freeport  rider  coal  is  consequent. 

The  Glen  Richey  Formation  varies  from  38  to  70  feet  thick  where  it 
is  not  affected  by  the  Mahoning  Sandstone  complex.  The  section  from 
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289.6  feet  to  239.6  feet  in  the  Sabula  drill  hole  constitutes  the  Glen 
Richey  Formation. 

In  the  Pennsylvania  Railroad  drill  hole  (Plate  5),  it  is  difficult  to 
pick  the  position  of  the  Upper  Freeport  coal,  the  top  of  which  represents 
the  top  of  the  Glen  Richey  Formation.  The  rather  thick  coal  found  be- 
tween 211.92  feet  and  216.0  feet  may  be  the  Upper  Freeport,  or  perhaps 
a local  coal  associated  with  the  Mahoning  Sandstone  complex.  As  was 
commonly  the  case  in  the  southern  Penfield  area  (Edmunds  and  Berg, 
1971),  the  Upper  Freeport  coal  may  have  been  cut  out  by  stream  chan- 
neling in  this  immediate  area.  If  such  was  the  case,  the  position  of  the 
horizon  of  the  Upper  Freeport  coal  may  possibly  be  located  at  251.17 
feet  in  this  hole.  This  position  is  immediately  above  a sandstone  that 
contains  some  limy  nodules.  These  limestone  nodules  quite  probably 
represent  the  freshwater  limestone  that  commonly  underlies  this  coal. 
I'he  writers  favor  placing  the  top  of  the  Glen  Richey  Formation  at 
211.92  feet,  making  the  formational  thickness  approximately  79  feet 
(Plate  5). 

A generalized  sequence  for  this  formation  in  the  Sabula-Penfield  area 
is  as  follows  (descending  order): 

Upper  Freeport  coal  (0  to  3.8  ft). 

Rootworked  claystone  and  siltstone  with  some  clay  shale  and  possible  hard  clay 
(Upper  Freeport  underclay  and  possible  associated  Bolivar  flint  clay)  (2  to  9 ft). 

Interbedded  claystone,  silt  shale,  siltstone,  silt-clay  laminite,  and  sand-silt  laminite 
bearing  conchostracans,  with  occasional  development  of  sandstone  (Butler  Sand- 
stone?) (9  to  40  ft). 

Carbonaceous  clay  shale,  often  with  thin  coal  at  base  (Lower  Freeport  rider  coal 
horizon)  (0  to  4 ft). 

Rootworked  claystone  and  siltstone  with  occasional  freshwater  limestone  (possibly 
confused  with  Upper  Freeport  limestone)  (0  to  8 ft). 

Interbedded  silt  shale,  siltstone,  sand-silt  laminite,  and  sandstone  with  common 
plant  fossils  and  some  conchostracans;  carbonaceous  shale  at  base;  rare  carbonate 
zones  (0.5  to  30  ft). 

Lower  Freeport  coal  (0  to  6 ft). 

This  formation  is  very  poorly  exposed  in  the  Penfield  7i/^-minute 
quadrangle.  As  is  the  case  with  the  underlying  Laurel  Run  Formation, 
better  exposures  of  the  Glen  Richey  Formation  occur  in  the  Sabula 
quadrangle.  Detailed  sections  were  measured  at  Aa3,  Acll,  Ac4,  and  Ac5; 
these  are  included  in  Appendix  5,  p.  A54-A57. 

In  the  upper  reaches  of  Narrows  Creek,  portions  of  the  Glen  Richey 
Formation  are  exposed  fairly  well  at  three  sites.  At  Ab5,  below  the  Treas- 
ure Lake  dam,  a coal  blossom  31  feet  above  the  Lower  Freeport  coal 
may  be  either  the  Upper  Freeport  coal  or  the  Lower  Freeport  rider  coal 
horizon.  This  is  correlated  with  the  Lower  Freeport  rider  because  of  the 
short  coal-to-coal  interval;  in  addition,  the  underlying  clastic  sequence  is 
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very  similar  to  the  strata  under  the  Lower  Freeport  rider  in  the  Clear 
Run  area.  The  detailed  measured  sections  at  Ab5,  Bb24,  and  Bbl6 
(Appendix  5,  p.  A57-A58)  will  give  some  idea  of  the  variability  within, 
and  the  difficulty  of  mapping,  the  Glen  Richey  Formation. 

Surface  sections  at  Ea46  and  Eb22  (Appendix  5,  p.  A58-A59)  in  the 
Glen  Richey  Eormation,  one  including  part  of  the  overlying  Conemaugh 
Group,  were  measured  in  the  Penfield  Vi/^-minute  quadrangle.  Both  sec- 
tions are  similar  to  those  measured  in  the  Sabula  quadrangle,  especially 
with  respect  to  dominance  of  fine,  thin-bedded,  olive-colored  clastic  sedi- 
ments lacking  marine  fossils.  These  measured  sections  give  some  indica- 
tion of  the  physical  character  of  the  Glen  Richey  in  the  vicinity  of  the 
village  of  Penfield. 

Conemaugh  Group 

The  Conemaugh  Group,  originally  known  as  the  Lower  Barren  Coal 
Measures,  covers  one  fourth  to  one  third  of  the  Sabula  and  Penfield 
quadrangles.  In  contrast  to  the  Allegheny  Group,  the  coals  in  this  group 
are  commonly  thin  and  are  of  little  economic  importance  at  present. 
The  lower  part  of  the  Conemaugh  (Glenshaw  Eormation  of  Elint,  1965) 
can  be  subdivided  using  several  persistent  marine  fossil  zones,  which  are 
actually  better  key  beds  for  mapping  purposes  than  the  coal  beds.  To 
utilize  these  fossil  zones,  however,  a separate,  more  regional  biostrati- 
graphic  study  of  the  zones  must  be  carried  out  to  establish  paleoecologic, 
paleobiogeographic,  and  stratigraphic  relationships  of  the  faunal  zones. 
Detailed  taxonomic  and  population  studies  go  hand-in-hand  with  this 
kind  of  biostratigraphic  analysis.  Such  a study  is  clearly  beyond  the  scope 
of  this  report.  “On-the-spot”  correlations  of  the  fossil  zones  in  the  lower 
part  of  the  Conemaugh  are  dangerous  and  often  completely  wrong.  It  is 
very  easy,  for  example,  to  miscorrelate  the  Brush  Creek  and  Cambridge- 
Pine  Creek  marine  zones  with  each  other;  both  zones  bear  very  similar 
faunas  that  can  be  differentiated  only  by  careful  statistical  analysis. 

As  defined  by  Platt  (1875,  p.  8),  the  Conemaugh  Group  includes  the 
section  between  the  top  of  the  Upper  Ereeport  coal  and  the  base  of  the 
Pittsburgh  coal.  A maximum  of  about  630  feet  of  the  Conemaugh  exists 
in  this  report  area.  This  includes  all  of  the  Glenshaw  Eormation  and 
more  than  half  of  the  Casselman  Eormation.  These  formations  were  de- 
fined by  Flint  (1965,  p.  72),  who  divided  the  Conemaugh  Group  at  the 
top  of  the  Ames  Limestone  or  marine  bed.  Portions  of  the  Glenshaw  are 
well  exposed  at  several  localities;  the  section  from  the  Ames  marine  zone, 
marking  the  base  of  the  Casselman  Formation,  up  to  the  Federal  Hill 
(Duquesne)  coal  is  exposed  above  the  Penn  Central  Railroad  tunnel  at 
Sabula  (Cc6).  The  Ames  marine  zone  and  Harlem  coal  are  well  exposed 
along  Pa.  Route  255  at  Bc3.  Above  that  stratigraphic  horizon,  virtually 
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no  significant  section  is  exposed.  The  unexposed  part  of  the  Casselman 
Formation  is  confined  to  the  higher  hills  in  the  Punxsutawney-Caledonia 
syncline.  The  best  information  on  the  lower  part  of  the  Conemaugh  was 
obtained  from  the  Pennsylvania  Railroad  and  Sabula  drill  holes.  The 
sections  from  239.6  feet  up  to  the  top  of  the  Sabula  drill  hole  and  from 
211.92  feet  to  the  top  of  the  Pennsylvania  Railroad  drill  hole  are  in  the 
Glenshaw  Formation. 

A generalized  sequence  for  the  Conemaugh  Group  from  just  above  the 
Federal  Hill  (Duquesne)  coal  down  to  the  top  of  the  Upper  Freeport 
coal  is  as  follows: 

Casselman  Formation  {incomplete) 

Silt  shale  grading  down  to  clay  shale  (25  ft+?). 

Federal  Hill  (Duquesne)  coal  (3)^  ft). 

Underclay  (1 1 ft). 

Sandstone  grading  down  to  fissile  laminites  (Lower  Grafton  Sandstone?)  (about 
19  ft). 

Clay  shale  prograding  up  to  silt  shale  with  possible  coal  blossom  at  top  (Harlem 
rider  coal?)  (about  35  ft). 

Sparsely  fossiliferous,  calcareous  clay  shale  (4)^  ft). 

Glenshaw  Formation 

Ames  fossiliferous  marine  siltstone  (2  to  3)/^  ft). 

Harlem  coal  (0.7  to  1.1  ft). 

Mottled  red  and  green  claystone  with  limestone  nodules  (underclay  complex)  (38 +? 

ft). 

Red  and  green  clay  shale  (Pittsburgh  red  beds,  possibly  with  Upper  Bakerstown 
coal  horizon  at  base)  (30  to  45  ft). 

Mixed  sequence  of  sandstone  (Saltsburg  Sandstone),  sand-silt  laminite,  and  silt  shale 
(about  55  ft). 

Lower  Bakerstown  coal  horizon  (0  to  0.2  ft). 

Albright  Limestone  (0  to  3 ft). 

Interbedded  sandstone,  siltstone,  silt  shale,  and  clay  shale;  occasionally  red  (Upper 
Meyersdale  red  beds)  (45  to  50  ft). 

Calcareous,  black,  fossiliferous  clay  shale  (Cambridge-Pine  Creek  marine  zone) 
(4  to  7 ft). 

Unnamed  coal  (probably  the  Wilgus  coal  of  Ohio)  below  Cambridge-Pine  Creek 
marine  zone  (0  to  1.3  ft). 

Rootworked  claystone,  silt-clay  laminite,  and  nonfossiliferous  limestone  (underclay 
complex)  (4  to  12  ft). 

Clay  shale  with  some  siltstone  and  sandstone  (40  to  50  ft). 

Carbonaceous  clay  shale  with  common  marine  fossils  (4  to  8 ft). 

Carbonaceous,  calcareous,  fossiliferous  siltstone  and  silt  shale  (Brush  Creek  marine 
zone)  (0.5  to  3 ft). 

Brush  Creek  coal  (0  to  1 ft). 

Rootworked  claystone  and  siltstone  with  occasional  hard  clay  or  limestone  (underclay 
complex)  (0.2  to  6 ft). 

Interbedded  sand-silt  laminite,  silt-clay  laminite,  siltstone,  and  clay  shale  with  occa- 
sional thin  carbonaceous  zones  and  calcareous  stringers  (20  to  37  ft). 
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Mahoning  coal  and/or  carbonaceous  shale  (0  to  2 ft). 

Mottled  red  and  green  or  gray  claystone  and  silty  claystone  with  occasional  flinty 
zones  and  limestone  (0  to  11  ft). 

Interbedded  sandstone,  siltstone,  sand-silt  laminite,  and  clay  shale  with  conchostra- 
cans — often  dominated  by  thick  sandstone  (Lower  Mahoning  sandstone  complex) 
(normally  35  to  60  ft,  but  ranging  up  to  the  order  of  100  ft  in  the  proximity  of  the 
main  Lower  Mahoning  channel  system). 

Clay  shale,  often  with  abundant  conchostracans  (0  to  20  ft). 

Allegheny  Group 

LFpper  Freeport  coal. 

Because  of  the  lack  both  of  exposures  and  economic  exploitation,  no 
generalizations  can  be  made  about  lateral  stratigraphic  variability  of 
units  within  the  Conemaugh  Group.  It  does  seem  relatively  clear  that 
the  Lower  Mahoning  Sandstone  has  its  greatest  development  in  the 
Punxsutawney-Caledonia  syncline,  near  the  southern  edge  of  this  report 
area.  With  a better  biostratigraphic  foundation,  the  marine  zones  in  the 
Conemaugh  would  probably  be  the  most  convenient  and  persistent  hori- 
zons for  subdivision  of  the  group. 

Measured  sections  within  the  Conemaugh  Group  are  included  in 
Appendix  6 (p.  A60-A69)  and  are  located  at  Aa8,  Aa6,  Ac26,  Ac31,  Bbl5, 
Bb27,  Bc3,  Bc5,  Bc6,  Bc7,  Cb2,  Cb9,  Cbl3,  Ccl,  Cc6,  Cc5,  Ccl4,  Db5, 
DblO,  Dbll,  Eb32,  DuBois  Fcl,  and  DuBois  Fc2.  At  Aa3,  Ac5,  Bb24,  and 
Fb22,  the  basal  Conemaugh  is  included  with  measured  sections  covering 
the  Glen  Richey  Formation  (Appendix  5,  p.  A54-A59). 

Quaternary  Alluvium 

About  six  percent  of  the  Sabula-Penfield  area  has  been  mapped  as 
Quaternary  alluvium.  These  deposits  of  gravel,  sand,  and  mud  accumu- 
lated primarily  in  the  broad,  fiat  valleys— probably  during  times  of  in- 
creased alluviation  during  the  Pleistocene.  The  present-day  streams  are 
entrenching  their  courses  into  the  built-up  Pleistocene(?)  floodplains. 
Many  cut-off  meanders  in  the  relict  floodplains  (especially  Sandy  Lick 
Creek)  contain  considerable  organic  debris.  The  texture  and  constituents 
of  the  material  mapped  as  alluvium  are  treated  in  more  detail  under 
“Sand  and  Gravel”  in  the  mineral  resources  section  of  this  report. 


GEOLOGIC  HISTORY 

General 

Approximately  16,000  feet  of  sedimentary  rocks  overlie  the  crystalline 
(Precambrian)  basement  rocks  in  this  region  of  the  Allegheny  Plateau 
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(Am.  Assoc.  Petroleum  Geologists  Basement  Rock  Project  Committee, 
1967).  Little  is  known  about  the  Cambrian,  Ordovician,  and  Early  and 
Middle  Silurian  rocks;  the  oldest  rocks  penetrated  by  one  drill  hole  in 
the  Sabula-Penfield  area  are  Late  Silurian  in  age.  It  is  not  known  how 
much  increase  in  the  total  sedimentary  rock  thickness  has  resulted  from 
duplication  above  decollement  surfaces. 

The  Devonian  rocks  have  been  penetrated  by  many  gas  wells  in  the 
Sabula-Penfield  area  and  the  Devonian  depositional  history  is  fairly  clear. 
Mississippian  and  Pennsylvanian  strata  lend  themselves  more  readily  to 
interpretation  because  they  are  exposed  at  the  surface.  No  post-Penn- 
sylvanian  rocks  occur  in  this  area  other  than  Quaternary  unconsolidated 
surficial  deposits.  A long  period  of  erosion  and  nondeposition  has  passed 
since  the  beginning  of  the  Appalachian  orogeny. 


Cambrian,  Ordovician,  and  Silurian  Periods 

The  subsurface  Cambrian  and  Early  and  Middle  Ordovician  rocks  of 
central  and  western  Pennsylvania  have  been  correlated  and  analyzed  by 
Wagner  (1966)  on  the  basis  of  widely  spaced  deep  drill  holes.  These 
strata  in  western  Pennsylvania  (including  this  report  area)  indicate  depo- 
sition of  carbonates,  quartz  sand,  and  mud  in  a shallow  sea  fluctuating 
across  the  state. 

Toward  the  end  of  the  Middle  Ordovician,  this  part  of  Pennsylvania 
began  to  feel  the  effects  of  the  Taconian  orogeny,  and  the  Appalachian 
geosyncline  was  clearly  established  as  an  elongate  basin  or  trough  of 
continental  proportions.  Clastic  sedimentation  continued  and  dark  shales 
were  deposited  until  the  end  of  Ordovician  time,  when  the  sea  regressed 
and  red  beds  were  deposited  in  the  Queenston  delta  complex. 

During  the  Silurian  Period,  the  geosyncline  in  this  area  continued  to 
subside,  but  deposits  in  western  Pennsylvania  reflect  only  moderate  tec- 
tonic activity.  In  general,  clastic  sedimentation  during  the  Early  Silurian 
slowly  gave  way  to  deposition  of  carbonates,  and  finally,  during  the  Late 
Silurian,  to  accumulation  of  evaporites  (Salina  Group)  in  a large,  re- 
stricted basin.  The  restriction  was,  in  part,  due  to  development  of 
Middle  Silurian  reefs;  the  Bloomsburg  delta  complex  formed  the  eastern 
and  southeastern  border  of  this  restricted  seaway.  Halite,  anhydrite,  and 
primary  dolomite  were  precipitated  from  the  highly  saline  water.  The 
last  Silurian  deposits  were  dolomites  and  limestones  of  the  Bass  Islands 
(Keyser)  Group,  reflecting  a less  restricted  basin  with  more  normal  salin- 
ities and  open  circulation.  Eurther  details  of  Silurian  stratigraphy  and 
depositional  history  are  given  by  Cate  (1961,  1965)  and  by  Fergusson  and 
Prather  (1968). 
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Devonian  Period 

The  Silurian-Devonian  boundary  is  in  a transition;  carbonate  (limestone 
and  cherty  limestone)  deposition  continued  for  a brief  span,  forming  the 
Helderberg  Formation.  Deposition  of  the  Ridgeley  Sandstone,  a horizon 
of  extreme  economic  importance,  followed  and  was  widespread  in  Penn- 
sylvania. The  source  area  of  Ridgeley  sand  may  have  been  highly  weath- 
ered and  not  appreciably  uplifted.  The  good  sorting  and  low  clay  con- 
tent of  the  sand  may  reflect  such  a source.  This  character  of  the  Ridgeley 
may  also  be  a function  of  the  depositional  environment.  The  widespread 
occurrence  and  relatively  uniform  thickness  of  the  sandstone  suggest 
deposition  in  a stable,  epineritic  environment,  possibly  under  the  in- 
fluence of  tidal  currents.  Tidal-current  sand  ridges  are  spread  over  vast 
areas  today  (Off,  1963,  p.  329)  and  account  for  extensive  sand  accumula- 
tion in  open  seas  such  as  the  North  Sea.  Heyman  (1969,  p.  6)  has  offered 
two  alternatives  for  Ridgeley  deposition:  (1)  draping  and  concurrent 
nondeposition  of  sand  on  preexisting  local  seabottom  highs;  (2)  sand 
deposition  grading  laterally  on  a regional  scale  to  finer  elastics  or  non- 
clastics.  These  alternatives  are  offered  to  explain  the  “no-sand”  area; 
this  large  area  overlaps  the  northwestern  corner  of  the  Sabula-Penfield 
area.  Deposition  of  the  Ridgeley  as  tidal-current  ridges  may  partially 
account  for  its  “disappearance”  in  the  northwestern  portion  of  this 
report  area.  At  the  same  time,  tidal-current  deposition  may  produce  the 
same  effect  as  nondeposition  on  seabottom  highs. 

Following  Ridgeley  deposition,  the  Onondaga  limestones  and  cherts 
accumulated  in  an  open  sea  supporting  normal  marine  invertebrates. 
Occasional  siltstones  and  shales  reflect  pulses  of  clastic  sediment  reaching 
this  part  of  Pennsylvania  from  a source  area  to  the  east. 

At  the  close  of  the  Early  Devonian,  volcanic  activity  in  the  border- 
lands of  the  geosyncline  spread  ash  over  the  sea,  resulting  in  the  forma- 
tion of  the  Tioga  “bentonite.”  Following  that  event,  the  Middle  Devon- 
ian Hamilton  shales  filled  the  sinking  basin,  reflecting  renewed  tectonic 
activity  in  the  source  area.  This  probably  marks  the  beginning  of  the 
Acadian  orogeny  that  ultimately  gave  rise  to  the  formation  of  the  vast 
Catskill  delta  complex.  Hamilton  shales  apparently  grade  northeastward 
and  eastward  toward  New  York  and  New  Jersey  into  a thick  sequence  of 
red  beds  and  continental-fluvial  deposits  of  equivalent  age. 

In  this  report  area,  the  dark  Hamilton  shales  are  overlain  by  the  Tully 
Formation,  a sequence  of  marine  limestones.  The  development  of  the 
Tully  limestones  reflects  a pause  in  the  orogeny  when  large  amounts  of 
detrital  material  were  not  reaching  this  portion  of  the  geosyncline. 

During  the  Late  Devonian,  Acadian  orogenic  activity  was  expressed  in 
this  area  by  deposition  of  a thick  clastic  sequence  of  marine  shales  and 
sandstones  followed  by  deposition  of  continental  red  beds.  This  whole 
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sequence  is  part  of  the  great  Catskill  delta  complex.  The  volume  of 
sediment  being  poured  into  this  part  of  the  shallow  sea  increased  and 
slowly  moved  the  shoreline  to  the  west.  Minor  fluctuations  and  reversals 
in  this  trend  produced  a thick  complex  of  differing  facies  with  limited 
areal  extent.  Many  thin  sand  bodies  accumulated  as  the  shoreline  re- 
gressed and  transgressed.  Fossiliferous  shelf  or  prodelta  muds  interfinger 
upward  into  offshore  sand  bars  and  delta-front  muds  and  sands.  Beach 
sands  grade  laterally  into  tidal-ffat  silts  and  clays.  The  net  shoreline 
movement  throughout  the  Late  Devonian  is  one  of  regression,  but  many 
minor  reversals  are  recorded  in  the  rock  sequence. 

The  last  Devonian  event  in  this  area  was  deposition  of  a thick 
sequence  of  red  beds.  More  regional  studies  support  the  fact  that  this 
red-bed  lithosome  thickens  to  the  east.  The  authors  hold  the  traditional 
view  that  the  red-bed  sequence  of  the  Late  Devonian  is  a dominantly 
subaerial  deposit,  but  very  close  to  sea  level  and  associated  with  delta- 
plain  deposition.  Many  of  the  red  claystones  may  be  tidal-mudffat 
deposits. 

The  time  boundary  between  the  Devonian  Period  and  the  succeeding 
Mississippian  Period  is  arbitrarily  placed  at  the  top  of  the  thick  red-bed 
sequence.  The  end  of  Devonian  time  may  well  be  represented  in  part  of 
the  overlying  nonred  clastic  section,  but  that  possibility  has  not  been 
documented.  Deposition  clearly  continued  uninterrupted  into  Mississip- 
pian time  in  the  Sabula-Penfield  area. 


Mississippian  Period 

The  lower  part  of  the  Pocono  Formation  reflects  a return  to  shallow 
marine  and  deltaic  deposition,  much  like  the  Late  Devonian  prior  to 
red-bed  formation.  Marine  fossils  are  profuse  in  the  sands.  Occasional 
red  and  green  claystones  may  well  be  the  remains  of  tidal  mudflats. 
Plant  fossils  are  also  abundant,  but  no  coal  swamps  like  those  of  the 
Pennsylvanian  formed  in  the  Early  Mississippian  in  this  report  area. 

The  middle  “Patton  ” red-bed  section  of  the  Pocono  probably  repre- 
sents a return  to  tidal  flat-lower  delta  plain  deposition  which  charac- 
terized the  end  of  the  Late  Devonian.  The  “Patton”  is  not  entirely  red, 
and  is  the  result  of  frequently  alternating  marine  and  nonmarine  deposi- 
tion. Delicate  plant  fossils  are  common  (especially  in  the  nonred  sedi- 
ments), indicating  nearshore,  shallow  conditions. 

The  upper  part  of  the  Pocono,  the  Burgoon  Sandstone,  reflects  a 
change  to  dominantly  fluvial  deposition  on  a broad  alluvial  plain. 
Trough  cross  stratification,  absence  of  marine  invertebrates,  presence  of 
large  plant  fossils,  predominance  of  quartzose  sandstone,  and  paucity  of 
shale  point  to  a fluvial  origin  for  the  Burgoon. 
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Deposition  of  this  upper  member  of  the  Pocono  was  the  last  Missis- 
sippian  depositional  event  left  in  the  stratigraphic  record  in  the  Sabula- 
Penfield  area.  Pelletier  (1958)  presents  a fine  summary  of  Pocono  sedi- 
mentary history. 

Following  Pocono  deposition,  a period  of  possible  nondeposition  and 
regional  erosion  produced  the  Mississippian-Pennsylvanian  uncon- 
formity. The  Mauch  Chunk  Formation  and  Loyalhanna  Limestone  of 
south-central  and  southwestern  Pennsylvania  are  missing  in  the  Sabula- 
Penfield  area  and  appear  to  have  been  lost  progressively  in  a northerly 
direction.  The  unconformity  is  demonstrated  not  only  by  lack  of  post- 
Pocono  formations,  but  also  by  apparent  beveling  of  the  Pocono  itself 
across  the  Penfield  15-minute  quadrangle.  Paleobotanical  evidence  (Ed- 
munds and  Berg,  1971)  strongly  supports  the  interpretation  of  an  uncon- 
formity. At  the  northern  edge  of  this  report  area,  the  Burgoon  and 
“Patton”  members  are  missing.  That  this  loss  of  Pocono  subunits  may 
be  due  to  nondeposition  or  facies  change  should  not  be  entirely  dis- 
counted. By  the  very  nature  of  Pocono  sedimentation  as  outlined  by 
Pelletier  (1958),  we  should  expect  some  regional  thinning  and  loss  of 
fluvial  and  nearshore  deposits  in  a northwesterly  direction  across 
Pennsylvania. 


Pennsylvanian  Period 

Pennsylvanian  time  in  the  Sabula-Penheld  area  is  marked  by  deposi- 
tion of  the  Pottsville  Group.  If  present  paleobotanical  zonation  and 
stratigraphic  correlations  in  the  Appalachian  Basin  are  correct,  there 
are  no  rocks  representing  the  first  40  percent  of  the  Pennsylvanian  Period 
in  this  area.  The  period  of  erosion  of  Mississippian  rocks  extended  far 
into  Pennsylvanian  time. 

The  quartzitic  conglomerates  and  very  coarse  grained  sandstones  of 
the  lower  part  of  the  Pottsville  reflect  a significant  departure  from  the 
depositional  environments  of  the  Mississippian.  The  rounded  quartzite 
pebbles  and  general  lack  of  other  less  resistant  clasts  indicate  a distant 
source  area.  The  fluvial  system  carrying  these  sediments  must  have  been 
very  competent  and  heavily  loaded.  Plane  bedding,  in  addition  to  tab- 
ular crossbedding,  frequently  occurs  in  the  Pottsville  sandstones  and 
probably  reflects  a high  lower  flow  regime  to  an  upper  flow  regime  for 
the  streams.  Meckel  (1967)  has  given  substantial  regional  evidence  that 
the  basal  Pottsville  (Olean-Sharon)  conglomerates  were  derived  from  a 
source  to  the  north  and  were  spread  over  an  irregular  erosion  surface. 
The  lack  of  coarse  conglomerates  in  the  Pottsville  in  the  southern  part 
of  this  report  area  indicates  that  the  southern  limit  of  Olean  deposition 
passes  through  this  area.  These  fluvial  sands  and  gravels  were  spread 
across  the  eroded  Mississippian  surface.  The  Burgoon  Sandstone  is  be- 
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lieved  to  have  formed  a long,  low  ridge,  lying  east-west  across  the  central 
part  of  Clearfield  County.  This  theoretical  paleotopography  was  the 
result  of  pre-Pottsville  erosion.  This  ridge  may  have  formed  a barrier 
that  acted  as  one  of  the  limiting  agents  for  spread  of  pebble-sized  mate- 
rial in  the  Pottsville. 

Following  the  deposition  of  the  lower  part  of  the  Pottsville  Group, 
Pennsylvanian  deposition  is  characterized  by  strongly  cyclic  sedimenta- 
tion and  the  introduction  of  coal  as  a persistent  lithologic  entity  in  the 
sequence.  The  basic  Pennsylvanian  sedimentary  cycle  of  transgression 
and  regression  that  we  recognize  has  been  treated  in  detail  by  Edmunds 
(1968)  and  Edmunds  and  Berg  (1971).  A sequence  of  six  depositional 
environments  are  recognized  in  one  cycle.  These  are  listed  in  order  of 
depositional  sequence  starting  with  the  transgressive  coal  swamp  as 
follows: 

1.  Transgressive  swamp  environment 

2.  Open-water  (shelf,  prodelta,  interdeltaic  bay)  and  brackish  mudflat  environment 

3.  Regressive  swamp  environment 

4.  Delta-plain  environment 

5.  Alluvial-plain  environment  (with  concomitant  erosion) 

6.  Backswamp  and  freshwater  lake  environment 

The  sediments  formed  in  these  environments  are  theoretically  unique 
(because  the  environments  of  deposition  are  unique  relative  to  one 
another),  but  in  practice  they  are  sometimes  difficult  to  differentiate. 
Eor  example,  the  sediments  of  the  delta  plain  and  alluvial  plain  inter- 
finger upward  in  many  sequences.  Lacking  a clear  disconformity,  it  is 
hard  to  distinguish  some  delta-plain  sands  from  fine,  alluvial-plain  sands. 
Missing  units  also  complicate  identification  of  cycle  components. 

The  Millstone  Run  Eormation  in  the  Allegheny  Group  is  the  best 
exposed  cycle  in  the  Sabula-Penfield  area  and  displays  a fair  representa- 
tion of  the  Pennsylvanian  sedimentary  cycle.  The  main  transgressive 
swamp  environment  is  reflected  partly  in  the  Lower  Kittanning  no.  1 
coal,  but  mostly  in  the  Lower  Kittanning  no.  3 coal.  It  may  be  possible 
that  the  Lower  Kittanning  no.  3 coal  is  a retrograde  coal  in  the  Sabula- 
Penfield  area  as  it  has  been  interpreted  in  the  Houtzdale  area  (Edmunds, 
1968).  However,  the  absence  of  the  Lower  Kittanning  no.  2 coal,  the  ex- 
tremely poor  development  of  the  Lower  Kittanning  no.  1 coal,  and  the 
lack  of  open-water  sediments  below  the  Lower  Kittanning  no.  3 coal  lead 
the  writers  to  believe  that  what  has  been  called  Lower  Kittanning  no.  3 
is  indeed  the  result  of  accumulation  of  peat  in  the  major  transgressive 
swamp.  The  backswamp  complex  preceding  the  transgressive  swamp  left 
a thick  underclay  section  and  has  associated  hard  clay  lenses.  Backswamp 
conditions  prevailed  in  this  area  while  Lower  Kittanning  no.  1 and  no.  2 
coals  were  formed  elsewhere  in  the  basin.  Eollowing  deposition  of  the 
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Lower  Kittanning  no.  3 coal,  the  transgressive  open-water  shales  and 
laminites  were  deposited  with  a rich  marine  invertebrate  fauna.  In  the 
southern  Penfield  area  (Edmunds  and  Berg,  1971)  this  part  of  the  cycle 
does  not  bear  such  a clearly  marine  fauna,  but  displays  mainly  restricted- 
marine  invertebrates,  particularly  Lingula.  This  change  in  the  open-water 
environment  in  a southerly  and  southeasterly  direction  across  the  Pen- 
field  15-minute  quadrangle  clearly  indicates  increasing  nearness  to  the 
edge  of  the  depositional  basin  and  possible  reduction  in  salinity.  The 
upper  part  of  the  open-water  component  in  this  area  is  a widespread  silt- 
stone  bearing  marine  brachiopods.  This  is  interpreted  as  a delta-front 
distal  bar  or  prodelta  silt  body  formed  at  the  time  of  cycle  reversal  from 
transgression  to  regression.  Sands  below  this  horizon  are  also  believed  to 
have  been  deposited  in  open  water  as  offshore  bars  or  as  bay  fillings, 
representing  minor  fluctuations  in  the  general  transgression.  A black 
shale  over  the  marine  siltstone  may  be  the  horizon  of  the  regressive 
swamp  environment,  but  no  coal  was  ever  deposited  at  this  stage  in  the 
Sabula-Penfield  area.  The  Lower  Worthington  sandstone  probably  repre- 
sents fluvial  deposition  in  an  alluvial-plain  environment  at  a point  in 
time  marking  maximum  sea  regression.  This  sand  lithosome  is  not  every- 
where present,  nor  is  it  clearly  recognizable  as  an  alluvial  deposit.  It  is 
probably  expressed  as  upper  delta  plain  distributary  sands  and  laterally 
equivalent  levee  and  crevasse-splay  (break-in-levee)  deposits.  The  Lower 
Worthington  sandstone  is  much  better  developed  in  the  southern  Pen- 
field  area,  again  reflecting  nearness  to  the  edge  of  the  basin.  The  last 
event  of  the  Millstone  Run  cycle  was  accumulation  of  clay  in  a back- 
swamp  environment  prior  to  transgression  of  the  Middle  Kittanning 
coal  swamp. 

The  Allegheny  Group  displays  a decreasingly  marine  character,  going 
up  through  the  total  sequence  of  cycles.  The  first  cycle,  the  Clearfield 
Creek  Formation,  includes  the  fossiliferous  marine  Vanport  Limestone. 
Open-water  shales  of  the  overlying  Millstone  Run  Formation  bear  a 
clearly  marine  fauna.  Some  brackish  and  marine  fossils  are  found  in  the 
open-water  shales  of  the  succeeding  Mineral  Springs  Formation.  The 
upper  two  cycles  (Laurel  Run  and  Glen  Richey  Formations)  bear  no 
marine  fossils  and  actually  yield  fair  numbers  of  conchostracans,  which 
are  freshwater  arthropods.  Hence,  the  depositional  basin  during  forma- 
tion of  the  Allegheny  Group  in  this  area  was  progressively  cut  off  from 
the  main  epicontinental  sea  to  the  west. 

The  Allegheny  Group  is  well  known  for  the  presence  of  minable  coal 
seams.  The  absence  of  certain  lithologies  also  makes  it  unique.  No  red 
beds  have  been  found  anywhere  in  the  Allegheny  in  the  Sabula-Penfield 
area.  In  addition,  no  sand  body  has  definitely  been  identified  as  a beach 
deposit.  This  lack  of  red  clays  and  obvious  beach  sands  may  be  attrib- 
uted to  the  general  paucity  of  wide  expanses  of  open-marine  water  dur- 
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ing  Allegheny  deposition.  There  apparently  was  little  fetch  and  not 
enough  wave  energy  to  build  up  beaches  in  this  area,  although  some 
offshore  bars  have  been  inferred.  At  the  same  time,  there  was  not  enough 
open  circulation  in  the  basin  to  allow  oxidation  of  the  sediments  and 
formation  of  red  clays. 

The  lower  part  of  the  Conemaugh  Group  (Glenshaw  Formation)  dif- 
fers from  the  Allegheny  in  having  only  poorly  developed  coals;  red  beds 
occur  along  with  marine  zones  bearing  quite  varied  invertebrate  faunas. 
These  characteristics  reflect  much  more  open  marine  conditions  and  no 
extensive  barrier-bar  sands.  Red  beds  formed  as  open-water  clays  were 
oxidized.  Not  enough  is  known  about  the  upper  part  of  the  Conemaugh 
to  interpret  depositional  environments.  It  is  fairly  clear,  however,  that 
open-marine  conditions  were  not  repeated  after  deposition  of  the  Ames 
marine  siltstone. 

During  the  Pennsylvanian,  uplift  of  the  source  area  was  gradual,  per- 
sistent, and  possibly  cyclic.  Sometime  during  deposition  of  the  Pottsville 
Group,  the  source  of  sediment  switched  from  the  north  back  to  the 
southeast  as  it  was  during  the  Mississippian.  The  paleoslope  during  the 
post-Pottsville  Pennsylvanian  was  dipping  generally  to  the  west  and 
northwest. 


Post-Pennsylvanian  Time 

Near  the  end  of  the  Paleozoic  Era  (approximately  225  million  years 
ago),  deposition  in  the  Appalachian  geosyncline  had  ceased  and  a period 
of  uplift  and  erosion  called  the  Alleghenian  orogeny  began.  With  the 
onset  of  this  orogeny,  the  Paleozoic  rocks  in  the  geosyncline  were  up- 
lifted, folded,  and  faulted.  The  broad  folds  and  subsurface  reverse  faults 
in  this  report  area  all  date  from  this  period  of  tectonism.  The  uplifted 
sedimentary  rocks  have  been  subjected  to  continual  erosion  ever  since. 

Quaternary  Period 

The  broad  valley  bottoms  in  the  Sabula-Penfield  area  contain  alluvial 
deposits  with  entrenched  streams.  Deposition  of  alluvium  was  probably 
much  more  rapid  during  the  Pleistocene  Epoch  when  climatic  extremes 
accompanying  glacial  advance  and  retreat  were  greater.  Periglacial  con- 
ditions also  increased  physical  weathering  by  frost  heaving. 


STRUCTURAL  GEOLOGY 

INTRODUCTION 


An  understanding  of  the  structure,  or  three-dimensional  configuration, 
of  bedrock  is  important  to  interpretation  of  all  the  other  geologic  as- 
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pects  of  the  Sabula-Penfield  area.  The  extent  of  mineral  resources,  flow 
of  ground  water,  and  rock  stability  for  construction  are  partly  deter- 
mined by  structure. 

This  part  of  the  Allegheny  Plateau  is  dominated  by  the  Punxsu- 
tawney-Caledonia  syncline;  its  axis  crosses  the  map  area  in  a northeast 
direction.  The  syncline  is  flanked  on  the  southeast  by  the  broad  Chest- 
nut Ridge  anticline,  described  in  detail  by  Edmunds  and  Berg  (1971,  p. 
67)  in  the  southern  Penfield  area.  The  syncline  is  flanked  on  the  north- 
west by  the  Boone  Mountain  (Sabinsville)  anticline.  A major  fault  has 
been  mapped  at  the  surface  (the  Mountain  Run  fault),  and  extensive 
faulting  in  the  subsurface  has  been  mapped  by  Cate  (1961),  based  on  a 
study  of  deep  gas  well  drilling.  The  cross  section  on  Plate  1 shows  the 
structure  as  it  appears  roughly  at  right  angles  to  the  fold  axes. 


STRUCTURAL  DATUM  PLANES 

Three  stratigraphic  datum  planes  are  used  here  in  determining  the 
structure  in  the  Sabula-Penfield  area.  The  most  reliable  datum  is  the 
Lower  Kittanning  no.  3 coal  in  the  Allegheny  Group.  Where  this  is  not 
present,  the  base  of  the  Curwensville  Formation  and  the  top  of  the 
major  red-bed  sequence  (Catskill)  in  the  Upper  Devonian  are  used. 

The  base  of  the  Curwensville  Formation  is  used  in  the  southeastern 
portion  of  this  report  area.  The  base  of  the  Curwensville  is  a good  datum 
where  the  Mercer  hard  clay  is  present.  Because  the  Sabula-Penfield  area 
lies  beyond  the  northernmost  immediate  extent  of  the  Mercer  hard  clay, 
the  base  of  the  Curwensville  Formation  is  estimated  by  projection  down 
from  the  base  of  the  Homewood  Sandstone  Member  of  the  Curwensville. 
Photogeologic  methods  are  used  almost  exclusively  to  locate  the  base  of 
this  sandstone.  In  addition,  the  exposures  along  Interstate  Route  80  just 
to  the  south  of  this  report  area  aided  the  authors’  understanding  of  the 
stratigraphy  of  the  Curwensville  and  Elliott  Park  Formations  (Pottsville 
Group). 

The  top  of  the  major  red-bed  sequence  in  the  Upper  Devonian  section 
is  used  on  the  Boone  Mountain  anticline;  the  only  other  possible  datum 
may  be  the  base  of  the  Pottsville  Group,  which  is  believed  to  be  an 
unconformity  with  an  irregular  surface.  As  discussed  in  the  section  on 
“Subsurface  Stratigraphy”  in  this  report,  this  is  probably  the  only  reli- 
able datum  for  the  Boone  Mountain  area.  There  really  is  no  other 
choice  of  good  datum  planes,  and  extensive  drilling  records  for  shallow 
gas  on  the  anticline  provide  fairly  reliable  information.  The  extent  of 
the  red-bed  sequence  is  shown  in  Plates  2,  3,  and  4.  In  the  area  just 
south  of  the  Jefferson  County  line  (quadrant  Ab)  and  in  the  vicinity  of 
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the  two  Brockway  Borough  reservoirs  (quadrant  Ba),  virtually  no  datum 
of  any  reliability  is  available;  no  extensive  outcrops  exist  and  no  drilling 
has  been  done  to  provide  elevations  on  the  Devonian  red  beds.  Structure 
contours  in  these  areas  are  projected  by  inference  and  are  questionable. 

The  Lower  Kittanning  no.  3 coal  is  used  as  a datum  in  the  central 
part  of  the  report  area  using  elevations  based  on  deep  mines  and  strip 
mine  exposures.  Where  no  information  was  available,  the  elevations  of 
this  coal  w’ere  estimated  by  projection  down  from  known  stratigraphi- 
cally  higher  horizons  in  the  Allegheny  and  Conemaugh  Groups.  Intervals 
used  in  such  projections  w’ere  based  on  long  drilling  records  (Plate  5). 


FOLDS 

The  Boone  Mountain  anticline  has  an  axial  bearing  of  about  N55E: 
its  axis  is  shown  on  Plate  1.  The  fold  plunges  gently  to  the  southwest, 
and  has  an  asymmetric  profile  with  its  southeastern  flank  more  steeply 
dipping  than  the  northwestern  flank.  Along  the  southeastern  flank,  the 
strata  are  interpreted  as  dipping  up  to  600  feet  per  mile.  On  the  north- 
western flank,  the  steepest  dips  are  on  the  order  of  300  feet  per  mile,  at 
the  most. 

The  Punxsutawney-Caledonia  syncline,  with  an  axial  bearing  of  about 
N50E,  has  a generally  straight  trend,  except  for  a minor  divergence  near 
Sabula.  The  syncline  is  doubly  plunging  from  both  the  southw-est  and 
the  northeast  toward  the  vicinity  of  Lake  Sabula,  forming  a very  elon- 
gate structural  basin. 

On  the  northwestern  flank  of  the  Chestnut  Ridge  anticline,  the  dips 
average  about  250  feet  per  mile.  Although  the  axis  of  this  fold  passes 
south  of  this  report  area,  it  is  the  dominant  structure  in  the  southern 
Penfield  area. 

The  fold  height  (structural  relief),  measured  from  the  bottom  of  the 
Punxsutawney-Caledonia  syncline  to  the  top  of  the  Boone  Mountain 
anticline  (along  line  A-.V,  Plate  1),  is  on  the  order  of  1750  feet.  This  in- 
cludes about  400  feet  of  vertical  displacement  by  the  Mountain  Run 
fault.  The  wavelength  of  the  Punxsutawney-Caledonia  syncline  is  about 
121/4  miles,  measured  between  the  axes  of  the  two  flanking  anticlines. 


FAULTS 

Cate  (1961)  has  plotted  many  high-angle  faults  in  the  subsurface  of 
this  area  (Eigure  16)  on  the  basis  of  a detailed  study  of  deep  gas  w’ell 
records.  These  faults  are  probably  related  to  movements  along  deep 


Figure  16.  Subsurface  structural  geology,  based  on  the  “Oriskany”  (Ridgeley)  Sandstone,  and  limits  of 
gas  fields  and  pools  (adapted  from  Cate,  1961). 
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decollement  slip  surfaces.  The  genesis  of  this  kind  of  faulting  is  treated 
in  more  detail  by  Edmunds  and  Berg  (1971)  for  the  southern  Penheld 
area. 

Of  particular  interest  and  importance  is  the  existence  of  a major  sur- 
face fault  that  has  topographic  expression  along  Mountain  Run  on  the 
southeastern  flank  of  the  Boone  Mountain  anticline.  This  fault  is 
anomalous  for  the  Allegheny  Plateau;  we  know  of  only  two  similar 
faults.  One  was  mapped  by  Shaftner  (1958,  p.  76)  in  the  New  Florence 
15-minute  quadrangle.  Another  was  described  by  Ashburner  (1880,  p.  34) 
in  the  southeastern  corner  of  McKean  County. 

The  Mountain  Run  fault  is  unusual  in  that  the  fault  surface  is  appar- 
ently nonplanar.  If  it  were  planar,  the  fault  trace  would  indicate  a very 
low  angle  (8°±)  fault.  Nonrepetition  of  stratigraphic  units  in  the  sub- 
surface negates  low-angle  faulting.  The  upthrown  block  lies  on  the 
northwestern  side  of  the  fault  with  a maximum  displacement  estimated 
at  about  400  feet.  This  fault  is  illustrated  in  Plate  2,  where  the  upper 
Devonian  red  beds  are  shown  to  be  offset  by  more  vertical  displacement 
than  can  be  accounted  for  by  folding.  Cate  (1961)  also  inferred  a fault  in 
this  vicinity  based  on  his  subsurface  study  of  the  Oriskany  Group  (Fig- 
ure 16). 

Although  relative  movement  is  known,  the  Mountain  Run  fault  is 
difficult  to  classify.  If  the  fault  surface  dips  toward  the  Punxsutawney- 
Caledonia  syncline,  the  fault  must  be  a normal  fault.  If  the  surface  dips 
toward  the  northwest,  the  fault  must  be  a reverse  fault.  Normal  faulting 
does  not  appear  to  fit  the  tectonic  style  for  this  region  as  described  by 
Edmunds  and  Berg  (1971).  Faulting  in  the  subsurface  of  this  region  has 
been  described  by  Gwinn  (1964,  p.  891)  as  being  related  to  concentric 
folding  and  flexural-slip  thrusting.  In  light  of  Gwinn’s  theoretical  work, 
the  authors  do  not  favor  the  possibility  of  normal  faulting,  and  prefer  to 
classify  this  as  a steeply  dipping,  if  not  vertical,  reverse  fault  at  the  sur- 
face, with  the  fault  plane  slowly  curving  down  beneath  the  Boone  Moun- 
tain anticline.  This  fault  is  probably  similar  to  the  model  shown  by 
Carlyle  Gray  for  faulting  in  the  New  Florence  quadrangle  (Shaffner, 
1958,  p.  76). 


JOINTS 

Joints  in  this  region  generally  have  a near  vertical  orientation.  Bear- 
ings of  joints  at  49  stations  were  taken,  and  the  results  are  shown  in  the 
rose  diagram  in  Figure  17.  The  joints  are  also  plotted  on  Plate  1.  Our 
interpretation  of  the  rose  diagram  is  that  there  are  two  dominant  joint 
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Figure  17.  Rose  diagram  showing  joint  bearings  in  the  Sabula  and 
Penfield  quadrangles.  Radius  of  semicircle  equals  4 
joint  readings. 


systems  in  the  Sabula-Penfield  area.  The  principal  system  includes  the 
most  prevalent  set,  bearing  about  N30W  with  a strong  complemental 
set  bearing  N60E;  the  complemental  set  has  a significant  deviation 
towards  N50E.  This  system  contains  one  set  parallel  to,  and  one  set 
normal  to,  major  fold  axes.  It  can,  therefore,  be  considered  to  be  related 
to  late  folding  stresses.  A system  of  secondary  importance  has  sets  which 
are  roughly  complementary,  but  its  existence  is  difficult  to  determine 
without  a more  detailed  study.  There  appears  to  be  a set  ranging  from 
N70W  to  N85W  with  an  apparent  approximate  complemental  set 
bearing  N35E.  Other  less  signihcant  joint  bearings  were  measured. 

The  joints  were  measured  in  various  rock  units,  ranging  from  sand- 
stone and  siltstone  to  shales  and  claystone.  No  face  or  butt  joints  in  coals 
were  measured  for  this  analysis.  Although  no  exhaustive  study  was  under- 
taken, it  has  been  the  authors’  observation  that  joint  planes  are  generally 
more  closely  spaced  in  the  finer  clastic  rocks  than  in  the  coarser  elastics. 
In  clay  shales  and  claystones,  spacing  usually  varies  from  a few  inches  to 
2 feet.  In  siltstones  and  laminites,  the  spacing  varies  from  about  6 inches 
to  6 feet.  The  joint  spacing  in  sandstones  is  on  the  order  of  2 to  10  feet. 
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COAL 

General 

Coal  beds  in  the  Sabula-Penfield  area  occur  throughout  the  Pennsyl- 
vanian rocks,  which  measure  more  than  1000  feet  in  thickness  in  the 
deeper  portions  of  the  Punxsutawney-Caledonia  syncline.  Minable  coals 
are  confined  to  the  Allegheny  Group  within  a stratigraphic  interval  of 
about  200  feet  (Plate  1).  Although  data  are  limited,  it  appears  that  most 
of  these  coals  are  sporadic  in  nature  and  that  only  one  coal,  the  Lower 
Kittanning  no.  3 seam,  has  widespread  development.  It  underlies  all  of 
the  report  area  except  for  the  southeastern  portion  and  the  area  along 
Boone  Mountain. 

Most  of  the  mining  activity  being  conducted  in  the  area  during  the 
course  of  this  study  was  centered  around  Penfield,  where  some  small 
stripping  operations  and  a few  deep  mines  were  operating.  The  coal  was 
being  used  as  steam  coal  for  electric  power  generation. 

Chemical  and  Physical  Characteristics 

Previously  published  as  well  as  unpublished  coal  analyses  from  the 
Sabula-Penfield  area  are  shown  in  Tables  1,  2,  and  3.  On  a “moisture 
and  ash-free”  basis,  most  of  these  coals  have  less  than  69  percent  fixed 
carbon  and  are  classified  as  “high-volatile-A  bituminous  coal.”  The  only 
exceptions  are  the  upper  bench  of  the  Middle  Kittanning  seam,  sample 
no.  410949/783247/ IB,  which  shows  69.2  percent  fixed  carbon,  and  the 
top  bench  of  the  lower  Mercer  coal,  sample  no.  41 121 1/783847/ IE,  with 
72.6  percent  fixed  carbon.  Both  of  these  benches  would  be  classed  as 
“medium-volatile  bituminous  coals.” 

A study  of  the  carbonizing  properties  of  Elk,  Clarion,  Jefferson,  Clear- 
held,  and  Centre  County  coals  is  given  in  Birge  and  others  (1963).  One 
of  the  coal  samples  used  in  that  report  (sample  no.  833)  was  taken  from 
a mine  in  the  Sabula-Penheld  area. 

The  following  conclusions  concerning  the  coals  in  this  area  were  made 
in  that  report: 

1.  The  coke  strength  indexes  of  all  samples  were  within  the  normal 

range  for  coking  purposes. 

2.  The  high-volatile  coals  contracted  during  oven  expansion  tests, 

indicating  that  these  coals  would  have  to  be  blended  to  pre- 
vent oven  damage. 

3.  Metallurgical  use  of  most  of  the  samples  w'ould  be  limited  be- 

cause of  high  sulfur  and/or  ash  content. 


Table  1.  Analyses  of  Coal  Samples  from  the  Sabula  and  Penfield  Quadrangles 


52 


SABULA  AND  PENFIELD  QUADRANGLES 


ISi 


Suiua-ijog 


ajTi'i'Bjadnia^ 

uoi'i'BniJojap 


B 


qsy 


uaSAxo 


uaSoj'jijsj 


uoqj«3 


uaSojpXji 


jnjing 


qsy 


uoqi^o 


ja^^BOi 

ap^^IOA 


ajn^sioj^ 


luoijipuoa 

a[din'Bg 


(^aaj)  ssau^ioiqx 


O 


paq  iBOQ 


jaqainu 

aouaiaja^ 


1 

05 

1 

o 

CO 

40 

1 

<M 

CS| 

o 

Tf 

1 

4" 

2 

(M 

ca 

o o o 

O o o 

s s s 

O O o 

O CO 

CO  M 

O TH  CO 

CO  S o 

CO  CO  »o 

TP 

TP  TP  40 

CO  •cp 

CO 

^ ca 

05  05 

CO  <0 

CO  CO 

05  ^ CO 

CO  TP  CO 

CO  05  CO 

CO  CO  CO 

Tp  CO  CO 

40  CO 

CO  CO  uo 

tP  Tp  lO 

1.5 

1.6 

1.6 

o 00  o 

co  »o  CO 

O CO  CO 

on  oo  p- 

p-.  00 

p-  oo  oo 

00  oo  00 

05  00  CO 

^ O TP 

^ o — > 

■»ti  •»t'  »o 

40  40  40 

40  40  40 

CO  CO  05 

o o 

oo  C35  1— 1 

C-  tr.  Ct* 

CM 

CO  CO  CO 

CO  Cl  CO 

o o o 

CO 

CO 

r>-  oo 

^ ca 

05  05 

CO  CO 

c- 

CO  CO 

^ TP 

b-  CO  oo 

CO  oo  ^ 

oo  o ca 

^ (M  CO 

cO  ^ cO 

CO  cO  CO 

cO  CO  CO 

CO  CO  CO 

CQ  40  CO 

CO  O <M 

O Tp  05 

ca  oo  oo 

05  05  c<l 

O •—  CO 

C5  05  (“5 

C<»  CO 

CO  CO  CO 

CO  CO  CO 

ca  ca  CO 

05 

— 

~a 

CD 

>> 

cU 

b 

c6 

b 

b 

b 

oi  & < 

« b < 

Bi  b < 

Pi  t < 

^ Q ^ 

z 

< Q 2 

< P 2 

< Q 2 

CO 

r-  oo 

CO 

o 

(M  (M 

CQ 

< 

P3 

o 

o 

< 

(M 

<M 

'o  '> 

ca 

00 

oo 

05  ' 

oo 

\ 

o 2 

40 

40 

Ct.  \ 

TP 

o 

c 

o 

o 

i 1 

o 

TP 

CQ 

TP 

o 

Tp 

c 

B 

3 

c 

s 

05 

CO 

CO 

b 

bO 

C 


o 


CQ 


cc 


+ 


!>.  CO 
iC 

!>.  csi 
00  t-I 

lO  ^ to 


«c>  lO 


. tiH 
pi  b 

? Q S 


a 

a 

a 

03 

c 

zs 

a> 

<n 


w 

s 


w 


rr  TP  UO 


00  00 
o o o 

05  o 
C*5 

O CO  o 

^ O 05 
CO  CO  CO 

CSJ  b-  o 

05  05  1— < 
C<>  CQ  CO 

05 


Pb 

oi  b 5 

< Q S 


o 


AR  0.7  30.5  63.3  5.5  1.8  5.1  82.4  1.4  3.8  5.5  14,500 

411042/783413/lB  0.9  Dry  30.7  63.7  5.6  1.8  5.0  83.0  1.4  3.2  5.6  14,610  2080  2130  2180  8H 

MAF  32.5  67.5  1.9  5.3  87.9  1.5  3.4  15,470 


MINERAL  RESOURCES 


53 


X 

1 

00 

o 

oi 

CJ 

d 

CM 

o 

o 

QO 

OO 

(M 

Cl 

O 

CO 

CO 

Cl 

CM 

o o o 

o o o 

— 

o o o 

-T  "n" 

CO  ■n" 

40  CO  40 

-r  40 

-f  40 

-r  40 

CO  -t" 

00  00 

40  »C 

CO  *0  !>- 

o co  r~ 

CO  CM  eg 

CO  CM  CM 

-r  40 

40 

— — ^ 

^ — 

40  — 40 

-r  05  — 

05  O cc 

r-  oc  OO 

00  OO  00 

o o ^ 

— o CO 

40  40 

40  40  40 

40  SC-  05 

05  05  — 

CO  CO 

CO  CO  CO 

Cl  d CO 

CM  CM  CM 

CO 

u-  c- 

00  OO 

c- 

CO  cO 

40  40 

— CO  40 

05  00 

d CO 

CO  cO  CO 

CO  cO  cO 

00  o lo 

05  — 

CO  40 

O O d 

CO  CO  CO 

CO  CO  CO 

00 

00 

t— 

o 

o 

o 

Qc, 

P4  b < 

as  £■  < 

oi  & 

< Q S 

< Q S 

< Q S 

CO 

40  eO 

05 

ci  ^ 

o 

< 

m 

CO 

< 

CO 

CO 

O > 

Tf 

OO 

Qj  1 

QO 

u- 

Cl 

o 'tt 

o 

o ' 

— 

-T' 

o 

TJ4 

c 

a 

— 

««  =fr 

CQ 

u-  ^ 

o e 

s ^ 

CO 

05 

CO 

X! 

w 

oi 

CO  CO 


CSI  IM  iC 


CO  "rr 

OJ  csi  (M 


CS  C'l 
40  *0 


^ A 5 

< Q S 


cc  u*  *o 


eo  CO  40 

(M  CS» 


40  *0 


— ■ *C  CO 

■-r  -t-  CO 
cc  sc  o 

oo  o 

CT5  O <— 
C4  CO  CO 

00 


< Q S 


c/j  CQ 

o ^ 

O.  \ 

£ I 


s:  ® 


: e 

' a 
O 


CO  o C5 


OO  00  CO 

o o •— 


CO  CSJ  ^ 
CO  CO  IC 


00  00  CO 

o o — 


fc- 

ES  £?  < 

< Q S 


-T  lO  O 
— — 40 


40 

CO  CO  ■n' 


CO  CO 


Pi  < 

< Q S 


OJ  CO  oc 


^ — o 

Cl  (M  CO 


cC 


cn  c < 
< Q S 


Table  1.  (Continued) 


54 


SABULA  AND  PENFIELD  QUADRANGLES 


ISi 


ajn'jBjaduia^ 

Pl^Ii 

o 

>. 

ajni^jadaia-j 

Suuia^ijog 

"w 

3 

ajn'jBjaduja:^ 

uoi'i^aijojap 

zfiia 

qsv 

uaSXxQ 

c3 

c 

cS 

UaSOJ'^I'yT 

a 

S 

uoqj^Q 

P 

uaSojpXjq 

jnjins 

2 

qsy 

cj 

c 

c3 

uoqjtjo  p9Xi  j 

Ts 

E 

'5 

o 

ja'i'i^ui 

aii^^iOA 

£ 

ain^sioj^ 

lUOl^ipOOO 

9[dlllBg 

(183J)  ssau^ioiqx 

Coal  sample  number 

Source  of  information 

paq  lEoo 

joqmnu 

90UaJ3Jd^ 


r-  CO  o 


o o o 
00  O -r 
o-  O CO 


o o o 

r>-  C5  CO 
CM  40 


o o o 

CO  — — 
CO  40  'TT 


o o o 


o o o 

O -T  O* 
cO  — 


o o o 

40  <M 
'T  40  C<» 


cc 

cc-  oc 


<75  CO 

-f  40 
CM  (M 


-r  40 


CO  <35 

40  40 


■n-  CO  CO 


r-  CO  CO 
CO  CO  -r 


CO  CO  40 


o o 

t'-  GO 


<M  CO  !>• 


40  40  CO 


00  (M 

c3  r-  -r 
40  40  GO 


t>-  L-  OO 

o — <o 

GO  CO  OO 


40  40  40 


CO  40 

CO  CO  40 


— o ^ 

40  40  40 


— O CO 
40  40  40 


t'-  GO 


O <35  rr 


r-  L-  40 
CO  CO  40 


■-r  40  o 

^ IM 


<35  <35  CO 
04  (M  CO 


<OJ  40 
CO  CO  CO 


o o -r 

CM  C4  04 


04  <04  04 


CC  r^ 

oo  CO 


CO  04  04 
^ 04  <04 


<35  CO 

-r  40 
04  <04 

CO  CO 


QO  05 
40  40 


40 

o- 


05  o-  40 
CO 

40  40  <:© 


CO  40  05 


0-  00 
■rP  ■-t<  cO 

o Tj-  CO 


40  40  cc 


co  r-  CO 


Pzh 

Pi  & 5 
< Q S 


Pi  b 3 
< O S 


P- 

Pi  b J 

< Q S 


cnj  ^ < 

< Q S 


Qi  ^ 

< Q S 


fc. 

Pi  b < 

<c  a S 


fc. 

Pi  b < 

< Q S 


Pi  b 
< Q 


I 

pa 

0 T 

■|9 
£1.  \ 

1 I 

o 


Xi 

O 


MAP 


12,900 


MINERAL  RESOURCES 


r- 

(M  CO 


CO 


■O'  ic  -r 

o ic  cc 

CO  cr:  r- 

0 0*0 
CO  CO  CO 


C < 

< Q :s 


a 

o 

O 


o o o 
o o o 
— cs  o 


CO  CO 

oc  — o 


*0*0  0 
C'J  CM  CO 


ai  b < 
< Q S 


I 

+ 


QC  o 


— O lO 
10*0*0 


si  £■  2 
< Q 2 


+ 


OC  cc  CTi 

o o o 


o CM  r- 


< Q S 


CO  CM  CO 

CM  CM  *0 

— O CM 


*o  *o 
*o  *o 


— ■'T  CO 


ci  C-  < 

< Q S 


O O O 
r-  CC'  -o- 

CO  CO  lO 


*0*0  0 


o o 


CO  OC' 

oc  CC 
*o  *o 

oc-  — . 


< Q S 


— -r  o 

CM  CO  CM 


lO  oc  o 

■O'  CO  CO 


CM  — *0 


CO  CO  CO 


O — lO 


cn  £?  < 

< Q 2 


C-. 

o 

o 

Ol 

CM 

CM 

o 

CM 

CM 

O 

o 

CM 

0 0-0 

— o o 

CO  — -r 

r-  CM  CO 

-T  O 'O' 

CM  — 

— CM  CO 

-r  -r  *o 

CO  CO  *o 

-r  -r  *o 

CO  -r 

CM  CO 

*0  *o 

^ — 

-r  CO  O 

CM  CO  t- 

*0  -r  -O' 

■'T  CO  CO 

1.4 

1.5 

1 .5 

1.2 

1.2 

1.4 

O O CO 

CM  O O 

0 — 0 

•O'  *o  'C' 

oc  00  oc 

CM  — -O' 

05  QO  -O' 

*0*0*0 

-r  -r  lO 

— — CM 

CO  -r  Ci 

— — CO 

CM  CM  CM 

-r  -r  -r 

CO  CO  CO 

CO  -r 

CM  CO 

— CM 

*0  lO 

oc-  *o  — 

*o  — *o 

■O'  O OO 

r--  oc  *0 

o o o 

*o  *o  io 

SC'  to  CO 

r—  — O 

CM  CO  *0 

■O'  OO  CM 

— CM  CO 

o o 

CO  CO  CO 

CO  CO  CO 

CO  CO  CO 

CM 

- 

- 

Cl, 

21, 

oi  b < 

02  C < 

oi  ^ ■< 

<02 

<0  2; 

< Q 2 

CO 

oc 

o — 

o 

CO  CO 

< 

< 

r 

•O' 

OO 

OO 

CO 

CO 

oc- 

oc 

t;;- 

o 

o ^ 

CM 

CM 

fT 

O 

Cj 

O 

o 

cs 

d 

rs 

o 

yj 

CO 

CO 

o 

O 

Table  1.  (Continued) 


SABULA  AND  PENFIELD  QUADRANGLES 


o 

ojn^Tjjaduia'i 

mA 

“o 

>, 

ajH^BJadUia^ 

SuMia-ijos 

IS 

M 

a 

b- 

ajn^^jadiua:; 

uo^'EuiJOjap 

iBiitni 

^aia 

qsy 

« 

Ual^A'XQ 

2 

a 

uaSojp  \' 

% 

1 

tioqjBj 

iiaSojpApj 

jnjins 

CO 

qsy 

a 

c5 

uoqj'Bo  paxij 

.§ 

‘x 

o 

jant!iu 

ap^BiOA 

1^ 

ajn'jsiop^ 

lUOl'itpUOO 

ajcluiBg 

(jaaj)  ssaujjoiqx 

os 

a 

3 

a 

VI 

cS 

O 

O 

o 

cS 

a 

*© 

u 

3 

O 

72 

paq  lEOQ 

jaquinu 

^ouajajay 


o o o 

c;  cr.  CO 
CO  Ci  C«5 


+ 


0—0 


CO  eo 


CO 
CO  GO 


O CO  o 


o o 
o o'  — 


oc- 
as CO  CO 


o o — 


o O CO 
CO  to 


-r  -r 

o o 


— — eg 
CO  CO 


t—  oo 
CO  oc 


o o CO 
o o 


— CO  o 


o eg  <M 

— — -rr 

CO  CO  CO 


< Q S 


OS  & < 

< Q S 


eg  eg  CO 


os  £•< 
< Q S 


S 

D 


\riNERAL  RESOURCES 


57 


cc 

-r 

oc 

+ 

o 

1 

I 

! 

1 

+ 

cc 

1 

CJ 

?3 

+ 

oc 

oc 

t— 

oc 

(M 

-M 

o o o 

o o ^ 

o o o 

oc  cc 

S 

O — (M 

000^*0 

Oi  C'j  lO 

CO  CO  lO 

oc 

t--  t'- 

n:  z 

CO  CO 

13 

13 

xO  CT.  CO 

lO  c^ 

cO  CO  C' 

-r  CO  -T 

-i  -r  T 

-r  -r  xo 

— — CO 

w O 

(M  CM  -r 

: - 

- 

— — — 

lO  O 

uO  05  o 

0C  (M  C5 

CJ  CO 

(M  (M 

co  -r  *o 

r—  cc 

t-  t-  OC 

I--  r-~  OC' 

CO  ^ -r 

lO  -r  -TO 

cc  [>-  XO 

-r  -r  lo- 

-r lO 

-r  lO 

co  CO  O 

CO  (TO  ^ 

05  05  CM 

ca  CO 

" " 

— — CM 

r-  oc 

OJ  -M 

-r  Z 

CO  CO 

CO  CO 

— — 

— — 

— — 

CTi  CO  crs 

o uo  -r 

CM  xC  CO 

-r  ic 

cO  t-- 

xO  lO  -O' 

lO  uo  co 

xO  iC  CO 

lO  xO  cO 

05  — 

(M  CO  CO 

OC 

C5  05  lO 

CM 

O O IC 

(M  CO 

(M  CM  0^ 

C0>  CO  CO 

r- 

CO 

-r 

-3 

o 

o' 

-a 

o 

o 

>, 

c« 

a 

c 

fc. 

rt 

fe, 

o 

Pi 

Pi  &■< 

O 

Pi  E?  2 

z 

<:  Q S 

< Q S 

Z 

c Q 2 

o 

xC 

xC 

iC 

CO 

CO 

CC 

xO 

o 

o 

o 

o 

o 

M 

C 

’— ■ 

T- 

1^7 

c- 

r- 

oc 

oc 

OC 

oo 

oo 

oc 

r-- 

c- 

— 

-- 

0; 

C4 

CM 

i 

CM 

S 

o 

CQ 

•O' 

02 

<M  CO  CC 
OJ  -M  C<J 


CO  CO  »- 


IC  lO  CO 
CO  t—  C5 

c£  CO 

CO 

o 


Pi  E? 

< Q S 


I I 

Pd  P3 

' T T 


It- 

q 


CO 

o 


o 

lO 

o 

"o  2^ 

O'  ^ 


58 


SABULA  AND  PENFIELD  QUADRANGLES 


MINERAL  RESOURCES 


59 


-3  T5 


CN  — 


^ E 


I I 1 


— 


cj  a> 

CO  CO 


CO  — — 


CO  CO  (M  CO 


CO  05 

— o 00 


o 00 

CO  CO 


CO  *o 
CO  — 


tc  — 


1-  •—  -2.  — 

"3  Ec  2: 

^ VI  ^ 


C^ 


OJ  — 


E 

•2  6? 


T3  . 

w C ^ 

»C5  — C« 


- z 


= •§ 

■o  o ' 


— 04 


— IC 


— 

CO 


.=  -O 

^ O _Q 


Table  3.  Published  Analyses  of  Mine  Samples  of  Coal  from  the  Sabula  and  Penfield  Quadrangles 


60 


SABULA  AM)  PENFIELD  Ot’ADRANGLES 


i-  ^ £ 


C/ 


el  .i 


5 ° 

^ o O 
2 


— C^^ 


CO 


cs  — 


I 1 


— 


I I 


— iC 
lO  lO 


O 


CC  to 
CO 


I I 


C;  ft)  bC  i. 


. — (ft* 

5g  ” — CO 
c.  £ CO  CO 

s s e 


c/j 


O 


g » u. 


^ -2 


3 


BJ  =tt 


ca 

3 

Q 


£ 


6 ^ 


c-  ti  _ 
Oft)? 


s -s  e 
1 T I 


52  ft) 

^ "cfl 

" c > ? 

I g 'm  “ i 
■5  cu  .£  -o 

.S2  — — ea  .£ 

® 2 g .£  e 

e i ^ « 

■ ^ 2 IS  'I 

o tfci  < 2 


MINERAL  RESOl'RCES 


(il 

Crentz  and  otheis  (1952)  reported  on  the  preparation  characteristics 
of  coals  from  Clearfield  County  for  metallurgical  use.  Coal  samples  num- 
bered 23  and  24  in  that  report  were  samples  of  the  Lower  Kittanning 
coal  from  the  Sabula-Penfield  area.  The  report  conchided  that  this  seam 
would  be  satisfactory  as  a general-purpose  fuel,  but  that  it  would  prob- 
ably not  be  siutable  as  metallurgical  fuel  because  ot  its  sullur  content. 


Coal  Reserves 

In  calculating  the  coal  reserves  in  the  Sabula-Penfield  area,  procedures 
recommended  by  the  U.  S.  Geological  Survey  (.\veritt,  1969)  were  used. 
I'he  reserves  are  classed  in  three  reliability  categories— “measured,"  “in- 
dicated," and  “inferred."  “Measured"  coal  includes  all  coal  lying  within 
one-fourth  mile  of  a control  point,  whereas  “indicated"  coal  lies  more 
than  one-fourth  mile  but  less  than  three-fourths  mile  from  a control 
point.  All  remaining  reserves  are  classed  as  “inferred." 

No  overburden  categories  are  listed  because  all  coal  in  the  report  area 
has  less  than  1000  feet  of  cover.  The  reserves  are  reported  by  township 
and  for  that  portion  of  the  City  of  DuBois  that  lies  within  the  area  of 
the  report.  Three  thickness  categories  are  used:  14  to  28  inches,  28  to 
42  inches,  and  greater  than  42  inches.  In  calculating  tonnages,  an  aver- 
age weight  of  1800  short  tons  per  acre-foot  was  used. 

Reserve  estimates  for  the  Lower  Kittanning  no.  3 coal  are  listed  in 
Table  4,  which  shows  total  reserves  of  186  million  tons  of  coal  over  14 
inches  thick,  and  150  million  tons  over  28  inches  thick.  Plate  7 illustrates 
the  areal  distribution  and  variability  of  this  particular  seam,  including 
specific  measured  sections  of  the  coal. 

While  data  on  this  seam  are  sometimes  lacking  over  much  of  the  re- 
port area,  available  information  indicates  that  the  Lower  Kittanning 
no.  3 coal  is  of  minable  thickness  in  most  of  the  Sabula-Penfield  area. 
Additional  drilling  for  coal  has  not  gone  deep  enotigh  in  the  region  ot 
the  Punxsutawney-Caledonia  syncline  to  penetrate  the  Lower  Kittanning 
no.  3 seam,  perhaps  explaining  why  it  has  not  been  exploited  to  a 
greater  extent  in  the  past. 

Information  was  either  lacking  or  too  limited  to  permit  valid  reserve 
computations  on  other  coals.  However,  all  available  measured  sections 
on  these  coals  are  shown  on  Plate  8. 

Evidence  does  indicate  that  at  least  some  of  the  other  coals  are  only 
sporadically  developed  in  the  Sabula-Penfield  area  (see  Plate  8).  For  in- 
stance, the  Middle  Kittanning  coal  was  stripped  in  the  southeastern  part 
of  Matley  Hollow,  where  it  varied  from  3 to  3]/^  feet  in  thickness.  It 
measured  2i/4  to  3i/4  feet  northwest  of  the  village  of  Penfield.  However, 
it  appears  to  thin  in  other  areas,  especially  east  of  Penfield,  where  drill 
records  show  the  seam  averaging  1 to  li/o  feet  thick,  and  some  records 
indicate  no  coal  at  that  horizon. 
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Table  4.  Lower  Kittanning  Coal  Reserves  in  the  Sabula  and  Penfield  Quadrangles 
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measured  67.6  274  3,235.9  15,861  12.9  83  3,316.4  16,218  3,248.8  15,944 

TOTALS  61,208  18,033  43,175  4,598  38,577  indicated  526.9  2,133  10,072.1  51,219  — — 10,599.0  53,352  10,072.1  51,219 

inferred  7,507.2  30,404  17,154.4  82,814  — — 24,661.6  113,218  17,154.4  82,814 

TOTAL  8,101.7  32,811  30,462.4  149,894  12.9  83  38,577.0  182,788  30,475.3  149,977 
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The  Lower  Freeport  coal  also  apparently  exhibits  this  sporadic  devel- 
opment. It  has  been  stripped  on  Gobbler  Knob  where  it  measured  2 to 
3 feet  thick.  However,  drill  records  indicate  that  this  seam  rarely  is  more 
than  a foot  thick,  and  quite  often  it  is  nonexistent. 

Finally,  it  should  be  remembered  that  these  generalizations  are  based 
on  sparse  information,  and  that  these  other  coals  should  not  be  disre- 
garded in  future  coal  explorations.  It  is  apparent  that  a drilling  pro- 
gram should  be  initiated  in  order  to  locate  minable  reserves  that  may 
be  pre,sent. 


CLAY  AND  CLAY  SHALE 

There  are  considerable  reserves  of  clay  and  clay  shale  (including  clay- 
stone)  in  the  Sabula-Penfield  area.  The  clay  (underclay)  deposits  underlie 
most  of  the  coals  and  are  believed  to  be  more  laterally  persistent  than 
the  coals.  The  clay  shales  commonly  are  found  overlying  the  coals  and 
generally  are  c^uite  thick,  frequently  exceeding  10  feet. 

To  date,  there  has  been  only  limited  use  of  these  clays  in  ceramic 
products  and  of  some  shales  for  surfacing  material  on  low-use  local 
roads.  Very  little  has  been  published  on  shales  and  clays  of  the  Sabula- 
Penfield  area.  All  such  published  data  are  included  in  this  report.  This 
part  of  the  report  refers  only  to  the  potential  economic  deposits  of  these 
materials  in  the  Sabula-Penfield  area.  Measured  sections  of  the  thicker, 
more  persistent  and  uniform  clays,  clay  shales,  and  claystones  in  the  re- 
port area  are  listed  in  Table  5 and  are  shown  on  Plate  9. 

Table  5.  Thickness  and  Stratigraphic  Position  of  Clays,  Clay  Shales, 
and  Limestones  In  the  Sabula  and  Penfleld  Quadrangles 


Station 

Page  number 
of  measured 

section 

Thickness 

(feet) 

Lithology 

Stratigraphic  position 

Cc6 

A65-A66 

11 

Underclay 

Federal  Hill-Duquesne 

Bc3 

A63 

9 

Underclay 

Harlem 

Cc4 

A70 

27.5 

Claystone 

Harlem 

Cc6 

A65-A66 

38-f 

Claystone 

Harlem 

Be  7 

A64 

15 

Plastic  clay 

Lower  Bakerstown 

Aa3 

A54-A55 

7.5 

Claystone 

Upper  Freeport 

Bb35 

A70 

1.5 

Claystone 

Upper  Freeport 

Bb35 

A70 

13 

Clay  shale 

Upper  Freeport 

Ab5 

A52-A53 

5.5 

Underclay 

Lower  Freeport 

Bb23 

A53-A54 

4.5-f 

Underclay 

Lower  Freeport 

Bb23 

A53-A54 

6.7 

Clay  shale 

Lower  Freeport 
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Table  5.  (Continued) 


Station 

Page  number 
of  measured 
seetion 

Thiekness 

(feet) 

Lithology 

•Stratigraphic  position 

Acl2 

A51 

3 + 

Underelay 

LIpper  Kittanning 

Aall 

A43-A44 

4 + 

Underelay 

Middle  Kittanning 

Ab8 

A70 

4.7 

Underelay 

Middle  Kittanning 

Bb21 

A70 

b,5 

Underclay 

Middle  Kittanning 

BblO 

A45-A4b 

5 

Underclay 

Middle  Kittanning 

Ec5 

A70 

20  + 

Underclay 

Lower  Kittanning 

Bel 

A70 

20. 1 

Underclay 

Lower  Kittanning 

Bel 

A 70 

5.8 

Claystone 

Lower  Kittanning 

Cbl3 

Ab5 

15 

Clay  shale 

Barton 

Be6 

Ab4 

19.7 

Clay  shale 

Harlem 

Be5 

Ab3 

23  + 

Clay  shale 

Pittsburgh(?)  red  beds 

Cel 

Ab5 

29 

Clay  shale 

and  claystone 

Pittsburghf?)  red  beds 

Cbl4 

A71 

20  + 

Clay  shale 

Pittsburgh(i’)  red  beds 

Cb9 

A65 

11  + 

Clay  shale 

Meyersdale  red  beds 

Be  7 

A64 

15 

Clay  shale 

Lower  Bakerstown 

Ae31 

A61 

10.5  + 

Clay  shale 

Cambridge 

Da47 

A71 

17.5  + 

Clay  shale 

Cambridge 

Bbl5 

AbDAb2 

39  + 

Clay  shale 

Brush  Creek(?) 

Ae26 

AbO-Abl 

25  + 

Clay  shale- 
silt  shale 

Brush  Creek 

Db2 

A71 

30  ± 

Clay  shale 

Brush  Creek 

Ebl 

A71 

10 

Claystone 

Mahoning(?) 

Ea6 

A54 

11 

Clay  shale 

Upper  Kittanning 

Fb2 

A47-A48 

30 

Clay  shale 

Middle  Kittanning 

Ae2 

A44 

20 

Clay  shale 

Lower  Kittanning 

Bb7 

A71 

1 1 

Clay  shale 

Lower  Kittanning 

Dali 

A71 

20  + 

Clay  shale 

Lower  Kittanning 

Da2 

A4b 

11.5 

Clay  shale 

Lower  Kittanning 

Da43 

A71 

12.8 

Clay  shale 

Lower  Kittanning 

Da47 

A72 

10. b 

Clay  shale 

Lower  Kittanning 

Fab 

A72 

8 + 

Clay  shale 

Lower  Kittanning 

Fab 

A72 

lb. 5 

Silt  shale 

Lower  Kittanning 

Fb2 

A47-A48 

20 

Clay  shale 

Lower  Kittanning 

Bb3b 

A72 

9 

Claystone- 

limestone 

Johnstown 

Aell 

A55-A55 

1.5 

Limestone 

LIpper  Freeport  (?) 
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Section  descriptions  of  Conemaugh  clays  and  vertically  adjacent  units 
are  given  in  Appendix  6,  p.  A63-A66  (Bc3,  units  1-2;  Bc7,  units  1-5; 
Cc6,  units  1-2  and  10-12)  and  in  Appendix  7,  p.  A70  (Cc4).  Sample  #249 
in  Leighton  (1941)  was  a 24-foot  sample  of  clay  beneath  the  Harlem  coal 
(Leighton  mistakenly  lists  this  coal  as  a coal  underlying  the  Brush  Creek 
limestone)  and  was  exposed  at  a railroad  tunnel  at  Sabula.  This  clay  was 
tested  and  found  to  have  fair  plasticity  and  green  strength,  but  had  a 
low  fusion  point  of  cone  9,  which  would  make  it  of  doubtful  value.  Fir- 
ing tests  and  other  physical  tests  on  3.8  feet  of  clay  below  the  Cambridge- 
Fine  Creek  marine  zone  from  the  Sabula  drill  hole  (Cb3,  Appendix  3) 
are  shown  in  Appendix  8,  sample  74A-13. 

Good  exposures  of  the  interval  below  the  Mahoning  coal  are  rare  in 
the  report  area.  The  Pennsylvania  Railroad  drill  hole  (Bel,  Appendix  4) 
showed  more  than  10  feet  of  claystone  underlying  the  Mahoning  coal 
horizon.  The  section  at  Bb35  showed  about  15  feet  of  clay  shale  imme- 
diately above  the  Upper  Freeport  coal. 

Measured  sections  of  the  clays  and  claystones  and  vertically  adjacent 
units  underlying  the  Upper  Freeport  coal  are  included  in  Appendix  5, 
p.  A55  (Aa3,  units  7-9)  and  in  Appendix  7,  p.  A70  (Bb35).  Other  expo- 
sures of  the  Upper  Freeport  clay  were  found  at  Ccl6,  where  2 feet  of  soft 
underclay  was  seen,  and  at  Eb22  in  the  Penfield  7i/4-minute  quadrangle, 
where  4 feet  of  clay  was  exposed.  The  Pennsylvania  Railroad  drill  record 
(Bel,  Appendix  4)  showed  more  than  5 feet  of  underclay  and  claystone 
under  the  Upper  Freeport  coal.  In  the  drill  holes  at  Da43  and  Da47, 
there  were  6.1  feet  and  5.3  feet,  respectively,  of  claystone  underlying  this 
coal.  In  the  Sabula  drill  hole  (Cb3,  Appendix  3),  there  was  3.7  feet  of 
claystone  below  the  Upper  Freeport  coal.  Firing  tests  and  physical  data 
on  9.25  feet  of  claystone/clay  shale  from  this  interval  are  shown  in 
Appendix  8,  sample  74A-14. 

Measured  sections  at  Ab5  (Appendix  5,  p.  A52,  units  5-6)  and  Bb23 
(Appendix  5,  p.  A53,  units  11-14)  show  the  nature  of  the  rocks  under- 
lying the  Lower  Freeport  coal  in  the  Sabula-Penfield  area.  Firing  tests 
and  physical  data  on  2.9  feet  of  silt/clay  shale  below  the  Lower  Freeport 
coal  in  the  Sabula  drill  core  (Cb3,  Appendix  3)  are  given  in  Appendix  8, 
sample  74A-15.  At  Ea6,  up  to  3 feet  of  Lower  Freeport  underclay  was 
exposed  in  a gas  well  site.  The  clay  was  soft  and  plastic  and  contained 
some  limestone  nodules.  Another  exposure  of  the  same  unit  was  seen  at 
Acll  where  7i/2  feet  of  olive-gray  underclay  was  measured.  This  clay 
was  soft  and  nonfissile  and  contained  some  freshwater  limestone  nodules 
and  a thin  layer  of  coal  near  the  base.  At  Da43,  there  were  8.3  feet  of 
claystone  and  4.1  feet  of  clay  shale  underlying  a thin  coal  which  may  be 
the  Lower  Freeport  coal. 

Information  on  the  clays  associated  with  the  Upper  Kittanning  coal 
horizon  is  limited  in  the  report  area.  Two  feet  of  underclay  below  the 
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Upper  Kittanning  coal  was  seen  at  Ab9  and  Bb23.  In  the  Pennsylvania 
Railroad  drill  hole  (Bel,  Appendix  4),  there  was  more  than  11  feet  of 
underclay  and  claystone  underlying  the  Upper  Kittanning  coal.  In  the 
drill  holes  at  Da43  and  Da47,  there  were  12.0  feet  and  5.8  feet,  respec- 
tively, of  claystone  at  this  horizon.  A detailed  measured  section  of  the 
Upper  Kittanning  interval  is  included  in  Appendix  5,  p.  A51  (Acl2, 
units  1-2). 

Because  of  increased  mining  activity  on  the  Middle  and  Lower  Kittan- 
ning coals,  exposures  of  the  Middle  Kittanning  clay  were  more  numerous 
in  the  report  area.  This  clay  appears  to  be  fairly  well  developed  and 
persistent.  Several  sections  which  show'  the  general  character  of  this  and 
vertically  adjacent  units  are  given  in  Appendix  5,  p.  A43  and  A45  (Aal  1, 
unit  9;  BblO,  units  10-12)  and  in  Appendix  7,  p.  A70  (Ab8;  Bb21).  Firing 
tests  and  physical  data  on  4.7  feet  of  claystone  below  the  Middle  Kittan- 
ning coal  in  the  Sabula  drill  core  (Cb3,  Appendix  3)  are  given  in  Appen- 
dix 8,  sample  74A-16.  The  Middle  Kittanning  clay  was  also  seen  at  Da2, 
Da7,  Fb2,  Eb39,  and  Ec4.  The  clay  averaged  2 to  3 feet  in  thickness  in 
these  exposures.  The  same  interval  in  the  Pennsylvania  Railroad  drill 
core  (Bel,  Appendix  4)  included  more  than  9 feet  of  underclay  and  clay- 
stone. Three  and  one  half  feet  of  claystone  below  the  Middle  Kittanning 
coal  was  measured  in  the  drill  hole  at  Da43,  and  4.7  feet  of  claystone 
from  the  same  interval  was  found  in  the  drill  hole  at  Da47. 

Although  exposures  are  limited,  the  clays  below  the  Lower  Kittanning 
no.  3 coal  appear  to  have  the  thickest  development  of  any  of  the  clays  in 
the  report  area.  Descriptions  of  the  more  complete  sections  are  given  in 
Appendix  7,  p.  A70  (Ec5;  Bel).  An  analysis  of  a sample  of  20+  feet  of 
clay  from  the  mine  at  Ec5  is  shown  in  Appendix  8,  p.  A73.  Eiring  tests 
and  physical  data  on  a 20-foot  channel  sample  of  clay  from  the  same 
mine  are  listed  in  Appendix  8,  sample  74A-2L  Eiring  tests  and  physical 
data  on  two  samples  from  the  Lower  Kittanning  underclay  complex  in 
the  Sabula  drill  core  (Cb3,  Appendix  3)  are  given  in  Appendix  8 
(samples  74A-17  and  74A-18). 

Two  selected  samples  from  the  Low’er  Kittanning  no.  3 underclay 
complex  in  the  Sabula  drill  hole  were  analyzed  semiquantitatively  by 
X-ray  at  the  Pennsylvania  Geological  Survey.  At  477.4  feet  in  the  core, 
quartz  and  kaolinite  occur  in  about  equal  proportions  (quartz,  45-55  per- 
cent, and  kaolinite,  45-55  percent)  and  muscovite  is  noticeably  absent. 
At  478.4  feet,  siderite  dominates  the  mineralogy  (85-95  percent);  kaoli- 
nite and  quartz  each  range  between  I and  5 percent.  Again,  muscovite  is 
absent— an  unusual  feature  in  comparison  with  other  underclays  in  Penn- 
sylvania analyzed  by  the  Geological  Survey. 

In  the  drill  hole  at  Da47,  5.5  feet  of  claystone  below  the  Lower  Kittan- 
ning coal  was  measured.  In  the  drill  hole  at  Da43,  6.0  feet  of  claystone 
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below  the  Lower  Kittanning  coal  was  measured,  below  which  was  found 
6.2  feet  of  clay  shale  with  possible  diaspore  in  the  lower  2 feet. 

The  Lower  Kittanning  clay  is  presently  being  mined  to  the  west  of  the 
report  area  in  the  adjacent  Falls  Creek  cpiadrangle  at  DuBois  Fbl  (see 
Plate  1).  Information  on  a sample  of  clay  from  this  mine  has  been  pub- 
lished in  the  Pennsylvania  Survey’s  Mineral  Resource  Report  51  (O’Neill 
and  others,  1965)  and  is  included  in  Appendix  8,  sample  64-3-1. 

According  to  Leighton  (1941),  the  Lower  Kittanning  clay  has  been 
tested  in  several  mines  from  the  area  around  Penfield  and  Tyler.  In  all 
cases,  the  clay  has  been  of  questionable  quality  or  too  thin  to  be  of  eco- 
nomic value.  Leighton  also  states  that  some  shales  and  thin  clays  along 
the  railroad  west  of  Tyler  would  be  suitable  for  the  manufacture  of 
brick.  These  units  were  from  the  Middle  and  Upper  Kittanning  horizons. 

Information  on  the  clays  associated  with  the  Clarion  coals  in  the 
■Sabula-Penfield  area  is  limited  to  two  drill  records,  the  Pennsylvania 
Railroad  drill  hole  at  Bel,  and  the  Sabula  hole  at  Cb3.  Logs  of  both  of 
these  records  are  included  in  Appendices  3 and  4 of  this  report.  Firing 
tests  and  physical  data  on  two  samples  of  the  clay  complex  below  the 
Clarion  no.  2 coal  in  the  Sabula  core  (Cb3)  are  given  in  Appendix  8 
(samples  74A-19  and  74A-20). 

Shale  (including  claystone)  is  one  of  the  more  common  rock  lithologies 
found  in  the  report  area.  The  thicker  and  more  uniform  units  are  found 
over  the  major  coals  in  the  Allegheny  Group  as  well  as  throughout  the 
Conemaugh  Group. 

Leighton  (1941)  reports  that  33  feet  of  shale  above  the  Ames  Lime- 
stone (called  Brush  Creek  by  Leighton)  at  the  Sabula  tunnel  was  tested. 
I’he  sample  had  good  plasticity  and  fair  green  strength,  fired  red  to 
brown  with  a firing  range  from  cone  010  to  cone  06,  and  is  believed  to 
be  suited  for  the  manufacture  of  face  brick  or  hollow  tile. 

I’he  locations  and  thicknesses  of  the  better  exposures  of  shale  in  the 
Conemaugh  Group  are  listed  in  Table  5.  Detailed  descriptions  of  the  ex- 
posures are  included  in  Appendix  6,  p.  A61-A65  (Ac26,  units  4-6;  Ac31, 
units  3-4;  Bbl5,  units  3-5;  Bc5,  units  3-6;  Bc6;  Bc7,  units  5-7;  Cb9,  units  3-6; 
Cbl3;  Ccl)  and  in  Appendix  7,  p.  A71  (Cbl4;  Da47).  In  the  drill  hole  at 
Da43,  there  was  15.5  feet  of  clay  shale  immediately  overlying  the  Brush 
Creek  marine  zone.  This  shale  was  medium  dark  to  dark  gray  and  con- 
tained a few  small  pyrite  blebs.  Other  measured  sections  of  the  units 
overlying  the  Brush  Creek  marine  zone  are  given  in  Appendix  7,  p.  A71 
(Db2;  Ebl).  There  are  also  relatively  thick  clay  shale  and  claystone  units 
that  overlie  the  Brush  Creek  and  Cambridge-Pine  Creek  marine  zones 
and  underlie  the  Lower  Kittanning  and  Mahoning  coal  horizons  in  the 
Sabula  drill  hole  (Cb3,  Appendix  3). 

Locations  and  thicknesses  of  potential  economic  deposits  of  clay  shale 
and  claystone  in  the  Allegheny  Group  from  the  Sabula-Penfield  area  are 
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Figure  18.  Photomicrograph  of  thin  section  of  Vanport  Limestone 
from  510.5  feet  in  the  Sabula  drill  hole  at  station  Cb3. 
Note  fine,  dark  pellets  and  fossil  invertebrate  shell 
fragments.  Plane-polarized  light. 

given  in  Table  5 and  shown  on  Plate  9.  Descriptions  ot  the  intervals  are 
given  in  Appendix  5 (Ac2,  units  2-4,  p.  A44;  Da2,  units  2-4  and  6-7,  p. 
A46;  Ea6,  units  2-7,  p.  A54:  Fb2,  units  2-4  and  6-7,  p.  A47)  and  in 
Appendix  7,  p.  A71-A72  (Bb7:  Dali:  Da43;  Da47;  Fa6). 


LIMESTONE 

Fimestones  are  not  well  developed  in  the  Sabula  and  Penfield  quad- 
rangles. The  surface  stratigraphic  occurrences  (Table  5)  are  limited  to 
the  Allegheny  and  Conemaugh  Groups.  The  Johnstown  Limestone,  a 
freshwater  limestone  below  the  Upper  Kittanning  coal,  and  the  fresh- 
water limestones  beneath  the  Upper  and  Lower  Freeport  coals  represent 
the  best  developed  horizons  based  on  the  authors’  field  observations. 
Although  the  Vanport  Limestone  (in  the  Clearfield  Creek  Formation) 
was  seen  only  in  the  Sabula  drill  hole  (Cb3),  it  may  be  widely  developed, 
but  thin.  Limestone  horizons  in  the  Conemaugh  Group  include  the 
Mahoning(?),  Brush  Creek,  Cambridge-Pine  Creek,  Albright,  and  Ames; 
these  are  usually  calcareous  siltstones,  but  may  occasionally  grade  later- 
ally into  argillaceous  limestone. 

The  Vanport  Limestone  (Figures  18  and  19)  is  1.5  feet  thick  in  the 
Sabula  drill  hole  and  is  a pelletiferous  micrite  (limestone  classification 
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Figure  19.  Photomicrograph  of  thin  section  of  Vanport  Limestone 
from  511.2  feet  in  the  Sabula  drill  hole  at  station  Cb3. 
Note  fusilinid  (left)  and  other  fossil  fragments  in  mi- 
crite  matrix.  Plane-polarized  light. 

of  Folk,  1962,  p.  70),  bearing  some  ostracode,  fusulinid,  and  other  micro- 
and  macrofossil  fragments.  Although  the  Vanport  Limestone  was  not 
found  in  outcrop  in  the  Sabula-Penfield  area,  it  is  well  developed  in 
adjacent  quadrangles  to  the  north  and  west  of  this  report  area.  The  Johns- 
town Limestone  (Figure  20)  is  a component  of  the  thick  underclay  complex 
below  the  Upper  Kittanning  coal  in  the  Sabula  drill  hole.  Microscopic 
analysis  of  the  Johnstown  from  that  core  indicates  that  it  is  an  ostracode 
and  Spirorbis-hearing  micrite  or  pelletiferous  micrite  with  minor 
amounts  (5±  percent)  of  fine  quartz  silt.  Some  grain-growth  enlargement 
of  the  micrite  is  evident.  The  Johnstown  Limestone  at  Bb36  consists  of 
9 feet  of  claystone-limestone  complex  underlain  by  10  feet  of  hard  clay- 
stone.  For  a detailed  description  of  this  section,  see  Appendix  7,  p.  A72. 
At  Dal4,  the  Johnstown  Limestone  has  an  acid-insoluble  residue  of  37.0 
percent. 

The  limestone  below  the  Lower  Freeport  coal  at  Ab4  is  an  integral 
part  of  the  Lower  Freeport  underclay.  It  is  medium  dark  gray,  weather- 
ing to  pale  yellowish  orange,  and  bears  small,  silicified,  tube-like  struc- 
tures which  are  probably  fossil  freshwater  algae  (Charophycophyta). 
Two  limestone  samples  from  this  site  were  analyzed  for  their  acid- 


MINERAL  RESOURCES 


71 


Figure  20.  Photomicrograph  of  thin  section  of  Johnstown  Lime- 
stone from  321.3  feet  in  the  Sabula  drill  hole  at  station 
Cb3.  Note  large  Spirorbis  at  upper  left  and  ostracode 
fragments  in  argillaceous  micrite  matrix.  Plane-polar- 
ized light. 


insoluble  residue.  One  sample  has  a residue  of  15.8  percent;  the  other 
has  a residue  of  4.4  percent. 

A 1.5-foot  limestone  aljove  the  Lower  Freeport  coal  is  exposed  at  Acll. 
That  this  is  the  Upper  Freeport  limestone  is  in  question.  The  freshwater 
limestone  may  be  part  of  an  underclay  complex  below'  a Lower  Freeport 
rider  coal  horizon.  The  detailed  description  of  this  exposure  is  given  in 
Appendix  5,  p.  A55-A56.  The  limestone  at  this  site  has  an  acid-insoluble 
residue  of  45.6  percent. 

Four  feet  of  the  Upper  Freeport  limestone  is  exposed  at  Aa3  in  an 
abandoned  strip  mine.  A detailed  description  of  this  exposure  is  given 
in  Appendix  5,  p.  A54-A55. 

.A.  limestone  horizon  (Mahoning?)  occurs  in  the  sedimentary  cycle  over- 
lying  the  Upper  Freeport  coal  on  the  northw'estern  flank  of  the  Boone 
Mountain  anticline  near  Brockway.  A sample  collected  from  spoils  of  a 
backfilled  Upper  Freeport  coal  stripping  at  DuBois  Fal  yielded  an  acid- 
insoluble  residue  of  16.9  percent.  A poorly  exposed  section  at  Aa8  in- 
cludes freshwater  limestone  above  the  Upper  Freeport  coal.  This  meas- 
ured section  is  given  in  Appendix  6,  p.  A60. 
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The  Brush  Creek  limestone  horizon  crops  out  at  scattered  localities  in 
the  Sabula  quadrangle.  In  the  Sahula  drill  hole,  there  are  two  very  sim- 
ilar marine  zones  (see  Appendix  3)  in  the  approximate  stratigraphic 
positions  (120  feet  and  190  feet  above  the  Upper  Freeport  coal)  for  the 
Brush  Creek  and  the  Cambridge-Pine  Creek,  but  they  are  not  limestones. 
The  same  is  true  in  the  Pennsylvania  Railroad  drill  hole  (Appendix  4, 
Plate  5),  where  the  Brush  Creek  and  Cambridge-Pine  Creek  marine  zones 
are  siltstones  and  not  limestones,  and  the  Vanport  horizon  is  thin,  black, 
very  fossiliferous  shale.  However,  the  thin  limestone  at  the  top  is  be- 
lieved to  be  equivalent  to  the  Albright,  and  there  is  a shaly  limestone 
below  the  Brush  Creek  coal  and  claystone  in  this  hole.  At  isolated  expo- 
sures in  this  report  area,  miscorrelation  of  marine  zones  in  this  part  of 
the  Conemaugh  Group  is  a possibility.  Greatly  needed  regional  strati- 
graphic studies  of  the  Conemaugh  will  delineate  more  clearly  the  marine 
zones  that  have  been  called  “Brush  Creek’’  in  this  area.  At  Ac26,  1.5  feet 
of  gray  argillaceous  limestone  was  noted  below  the  Brush  Creek  marine 
zone  in  a fresh  cut  on  Interstate  Route  80.  In  1966,  this  section  was  well 
exposed,  and  a description  of  the  exposure  is  given  in  Appendix  6, 
p.  A60-A61.  At  Bb27,  2 feet  of  limestone  below  the  Brush  Creek  marine 
zone  was  exposed.  This  section  is  described  in  Appendix  6,  p.  A62-A63. 
A similar  limestone  below  the  Cambridge-Pine  Creek  marine  zone  in  the 
Sabula  drill  hole  at  Cb3  (see  Appendix  3)  yielded  an  insoluble  residue 
of  39.6  percent. 

At  Cc6,  the  Ames  marine  zone,  which  included  some  limestone  nod- 
ules, was  exposed  at  the  eastern  portal  of  the  Penn  Central  Railroad 
tunnel.  A description  of  this  exposure  is  given  in  Appendix  6,  p.  A66 
(units  1-7).  As  with  the  Brush  Creek  marine  zone,  there  is  the  possibility 
that  the  Ames  may  grade  laterally  into  a limestone.  These  calcareous 
siltstones  in  the  Conemaugh  Group  may  be  of  some  future  value.  Where 
a source  of  carbonate  is  desired,  transportation  costs  for  pure  limestone 
are  high,  and  chemical  prerequisites  are  not  narrow,  the  calcareous  silt- 
stones may  be  worth  consideration. 


CONSTRUCTION  MATERIALS 

CriLshecl  Sandstone 

The  oldest  exposed  rocks  in  this  area  are  included  in  the  Mississippian 
Pocono  Formation,  as  noted  in  the  section  on  surface  stratigraphy.  The 
Pocono  is  divided  into  three  units,  two  of  which  include  sandstone:  the 
lower  complex  of  sandstone,  siltstone,  and  shale;  and  the  upper  unit 
called  the  Burgoon  Sandstone. 
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Exposures  of  the  lower  complex  are  limited,  the  best  occurring  in  the 
Whlson  Run  roadcuts  along  Pa.  Route  153  as  it  goes  up  Boone  Mountain 
(detailed  measured  sections  are  given  in  Appendix  2). 

The  extent  of  the  Burgoon  Sandstone  is  believed  to  be  limited  to  the 
southeastern  portion  of  the  report  area.  However,  exposures  here  are 
poor  because  of  masking  by  soil  and  float.  The  unit  reaches  a maximum 
thickness  of  120  feet. 

Pottsville  sandstones  are  common  on  Boone  Mountain,  although  seen 
mainly  as  large  float  blocks.  I'his  sandstone  sequence  varies  from 
medium  to  very  coarse  grained  and  contains  lenses  ot  granule  and  pebble 
conglomerate.  This  unit  may  serve  well  as  a source  for  ganister  mix,  fur- 
nace bottom  sand,  and  molding  sand.  The  best  exposure  is  at  Cal 8 
where  a “rock  city’’  has  developed  (Figure  7).  Other  good  exposures  are 
at  Bal3,  Bal5,  Ba20,  Ba23,  Ca2,  Ca6,  Cal 3,  Cal 7,  Dak  (Figure  8),  Fb20 
(Figure  3),  and  Flr21. 

Other  sandstones  in  the  area  include  the  Kittanning,  the  Freeport,  the 
Butler,  and  the  lower  Mahoning.  Exposures  of  these  units  are  noted  in 
the  section  on  stratigraphy  in  this  report.  They  undoubtedly  exhibit 
sporadic  development  throughout  the  area. 

.\11  of  these  sandstone  units  are  potential  sources  of  crushed  stone  for 
use  in  road  metal,  railroad  ballast,  riprap,  concrete  aggregate,  and 
random  fill.  Some  units  are  quartzitic  enough  to  be  considered  jrotential 
sources  of  industrial  silica  for  relractory  use. 

Siltstone  and  Silt  Shale 

Siltstone  and  silt  shale  constitute  the  great  bulk  of  the  surface  rocks 
of  this  area.  The  Pocono  Formation  (suIr-Burgoon),  the  Allegheny 
Group,  and  particularly  the  Conemaugh  Group  are  all  potential  sources 
of  siltstone  and  silt  shale.  These  lithologies  frequently  may  be  obtained 
directly  from  strip-mine  spoil  piles.  These  rocks  generally  compact  well, 
and  have  a high  bearing  strength  and  low'  water  absorption.  For  those 
reasons,  these  materials  are  generally  well  suited  for  use  as  road  metal, 
for  road  fill  on  low-use  secondary  roads,  and  for  random  fill. 

Silt  shale  has  been  quarried  at  Bb47  in  the  30-foot  sequence  over  the 
Brush  Creek(?)  marine  zone.  Nearby  borrow  pits  in  Conemaugh  siltstone 
are  located  along  the  tow'iiship  road  near  well  Bb33.  Near  the  southern 
border  of  the  Sabula  quadrangle  along  Pa.  Route  255,  the  silt  shale  be- 
neath the  Cambridge-Pine  Creek  horizon  in  the  Conemaugh  has  been 
quarried  at  several  places  (Adi,  1,  5,  and  18  in  Edmunds  and  Berg, 
1971).  The  basal  portion  of  the  Conemaugh  just  above  the  Upper  Free- 
port coal  has  been  quarried  for  silt  shale  at  Eb32.  A borrow  pit  in  shale 
of  the  Laurel  Run  Formation  was  opened  at  Dell.  Near  Anderson  Creek 
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at  Ec20,  silt  shale  from  the  Clearfield  Creek  Formation  has  been  quarried 
sporadically  for  more  than  twelve  years. 

Sand  and  Gravel 

Slightly  more  than  six  percent  of  the  total  area  covered  by  this  report 
has  been  mapped  as  Quaternary  alluvium.  These  alluvial  deposits  range 
up  to  approximately  50  feet  thick  and  are  spread  over  flat  valley  floors 
that  attain  widths  in  places  exceeding  1500  feet.  The  relict  floodplains  of 
Bennett  Branch,  Sandy  Lick  Creek,  and  Little  Toby  Creek  are  the  sites 
of  major,  thick  alluvial  deposition.  Minor  amounts  of  alluvium  have 
been  mapped,  partly  by  photogeologic  interpretation,  in  most  of  the 
minor  tributaries.  In  the  upper  reaches  of  secondary  streams,  the  mapped 
alluvium  may  be  on  the  order  of  2 feet  thick. 

These  deposits  include  a generally  heterogeneous  mixture  of  uncon- 
solidated gravel,  sand,  and  mud.  Occasional  concentrations  of  organic 
matter,  as  much  as  10  feet  thick,  occur  in  cut-off  meanders.  Along  Little 
Toby  Creek,  at  Aal  (Figure  21),  up  to  20  feet  of  alluvium  is  quarried 
sporadically  for  municipal  use,  probably  as  random  fill  material  and 
possibly  for  use  in  some  concrete  mixing.  Two  channel  samples  taken  at 
this  site  were  analyzed  for  grain  size  distribution;  the  results  are  shown 
in  Figure  22.  It  should  be  noted  that  occasional  cobbles  (Figure  23)  and 


Figure  21.  Sand  and  gravel  pit  (upper  level)  in  Quaternary  alluvium 
along  Little  Toby  Creek  at  station  Aal. 


Percent  by  weight  ||  Percent  by  weight 
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Figure  22.  Sediment  size  distribution  in  Quaternary  alluvium  along  Little  Toby  Creek  at  station  Aal. 
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rare  boulders  occur  in  these  deposits.  The  alluvial  material  sampled 
along  Little  Toby  Creek  is  obviously  all  locally  derived,  reflecting  domi- 
nant bedrock  lithologies  of  the  surrounding  watershed.  The  composition 
of  the  mean  bed  load  fraction  is  as  follows: 

Percent  by  weight 


Sandstone  50.3 

Siltstone  and  silt  shale  37.4 

Clay  shale  and  claystone  10.3 

Siderite  and  hematite  fragments  1 .4 

Coal,  bone,  and  coaly  shale  0.6 


The  gravel  fragments  are  generally  subrounded  and  platy  to  very  platy. 


NATURAL  GAS 

General 

The  Sabula-Penfield  area  produces  a considerable  amount  of  natural 
gas,  giving  the  area  a second  valuable  fossil  fuel  resource  in  addition  to 
coal.  The  deep  producing  pools  in  this  area  include  all  of  the  Sabula 
jtool,  most  of  the  Boone  Mountain  pool,  and  portions  of  the  Rockton 


Figure  23.  Alluvium  in  upper  level  of  sand  and  gravel  pit  along 
Little  Toby  Creek  at  station  Aal.  Note  cobble-sized 
material  and  dominantly  platy  shape  of  fragments. 
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and  DuBois  pools.  Shallow  gas  wells  are  confined  to  the  Boone  Moun- 
tain field  and  to  the  Hollywood  pool,  located  in  the  area  north  of  the 
town  of  Penfield. 

Deep  gas-prodncing  horizons  include  the  Onondaga  Formation  and 
"Oriskany"  Sandstone.  Shallow  production  is  horn  Upper  Devonian 
sands. 

The  Boone  Mountain  shallow  field  is  depleted  and  is  presently  being 
used  as  a gas  storage  area.  Lytle  (1963,  p.  21)  reports  that  the  Filth 
Venango  sand  provides  a stratigraphic  trap  for  the  stored  gas. 

d airies  6 and  7 of  this  report  list  all  deep  and  shallow  wells  in  the  Sabula 
and  Penfield  quadrangles,  d he  locations  of  all  wells  for  which  informa- 
tion was  available  are  shown  on  Plate  1.  d he  outlines  of  the  various  gas 
fields  and  pools  may  be  found  on  Figure  16,  which  also  shows  deep 
faulting,  fold  axes,  and  structure  contours  on  the  ‘‘Oriskany”  Sandstone 
based  on  the  work  of  Cate  (1961). 

Factors  Controlling  Gas  Accumulation 

Lytle  and  others  (1959,  p.  6)  state  that  the  deep  gas  protluction  in  this 
area  is  controlled  both  by  structure  and  stratigraphy,  but  is  primarily 
related  to  the  existence  of  stratigraphic  traps.  Edmunds  and  Berg  (1971) 
note  the  occurrence  of  dry  wells  along  the  downthrown  side  of  reverse 
faults  in  the  southern  Penfield  area  and  suggest  that  this  faulting  has 
exerted  some  influence  on  gas  accumulation  there. 

Structural  influence  on  the  depositional  pattern  of  the  Ridgeley 
(“Oriskany”)  Sandstone  is  also  indicated  by  the  fact  that  the  thick  accu- 
mulation of  this  sandstone  is  found  along  the  axis  of  the  Punxsutawney- 
Caledonia  syncline,  whereas  the  same  unit  thins  toward  the  Hanking  anti- 
clines (Lytle  and  others,  1960,  p.  10). 

It  is  apparent,  therefore,  that  both  structure  and  stratigraphy  have 
influenced  the  accumulation  of  gas  in  the  Sabula-Penfield  area. 

Producing  Horizons 

Onondaga-Ridgeley  (“Oriskany” ) Interval  (Deep  Well  Production) 

The  Onondaga  chert  (Onondaga  Formation,  Middle  Devonian)  and 
the  immediately  underlying  Ridgeley  Sandstone  of  the  Oriskany  Group 
Tower  Devonian)  constitute  the  major  producing  zone  in  this  area.  The 
Onondaga  chert  averages  40-80  feet  in  thickness  and  the  Ridgeley  Sand- 
stone averages  10-20  feet.i 


1 In  subsurface  oil  and  gas  terminology  the  term  “Oriskany"  refers  to  the  Ridgeley 
Sandstone  only  because  of  the  difficulty  in  differentiating  the  lower  member  of  the  Oriskany 
Group  (Shriver)  from  the  underlying  Helderberg  Formation. 


Table  6.  Deep  Natural  Gas  Wells  in  the  Sabula  and  Penfleld  Quadrangles 
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do.  142  Eel  Helen  D.  S.  Gordon  6 NYSNG  Corp.  (N64 1 ) 6/19/58  2,877 

do.  143  Eel  Pa.  Tract  77,  No.  1 NYSNG  Corp.  (N639)  8/27/58  48 

do.  144  nc5  Baker  Run  Reserve  7 E.  C.  Deemer  7/10/58  3,0()0 


Table  6.  (^Continued) 
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Table  7.  Shallow  Natural  Gas  Wells  in  the  Sabula  and  Penfield  Quadrangles 
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The  Onondaga  chert  is  a light-gray  to  brownish-gray  to  dark-gray, 
slightly  silty,  noncalcareous  bedded  chert  with  some  dark  siliceous  shales 
in  the  lower  part.  Generally  the  hrst  show  of  gas  is  not  encountered 
until  the  Ridgeley  Sandstone  has  been  penetrated.  The  chert  yields  a 
significant  amount  of  gas  only  after  both  units  have  been  fractured 
(Lytle  and  others,  1959,  p.  8).  In  addition,  the  chert  is  not  a potential 
reservoir  unless  the  Ridgeley  Sandstone  is  an  effective  reservoir. 

The  Ridgeley  Sandstone  is  a light-gray,  metlium-  to  coarse-grained, 
quartzose  sandstone:  it  contains  siliceous  cement  which  is  partly  replaced 
by  calcite  cement  toward  the  base. 

Upper  Devonian  Sands  (Shallow  Well  Production) 

The  shallow'  producing  horizons  in  the  report  area  are  all  below  the 
“pink  rock’’  of  drillers’  terminology.  Some  of  the  drill  records  list  the 
Clarion,  Deemer,  Elk,  and  Tioga  sands  as  the  producing  sands.  Allowing 
for  errors  in  correlation,  it  is  highly  probable  that  several  horizons  from 
the  Speechley  sand  down  to  the  Kane  and  Haskill  sands  are  pay  zones. 

These  Upper  Devonian  sands  are  commonly  light-brown,  very  fine 
grained,  slightly  calcareous,  argillaceous  sandstones.  Hydrofracturing  is 
commonly  necessary  in  the  completion  of  a well. 

The  production  records  and  other  pertinent  data  on  the  wells  in  the 
Sabula-Penfield  area  may  be  found  in  Lytle,  Bergsten,  Cate,  and  others 
(1961),  Lytle,  Bergsten,  Cate,  and  Wagner  (1961),  Lytle  and  others 
(1964),  Lytle  and  others  (1965),  and  Kelley  and  others  (1969). 


WATER 

SURFACE  WATER 

The  topography  and  surface  drainage  system  in  the  Sabula-Penfield 
area  are  discussed  in  the  section  on  physiography  in  this  report. 

There  is  an  abundance  of  surface  water  in  the  report  area.  Several  of 
the  major  streams  have  been  dammed  for  recreational  purposes  or  for 
municipal  water  supplies.  Unfortunately,  it  appears  that  some  of  the  sur- 
face water  is  unpotable  because  of  the  drainage  of  acid  mine  water  from 
coal  mines.  Coal  and  its  associated  rocks  often  contain  compounds  of 
sulfur  which,  when  exposed  to  air  and  water,  form  sulfuric  acid.  Because 
of  this,  the  runoff  from  strip  mines  and  much  of  the  water  pumped  from 
deep  mines  are  acidic  and  contain  high  concentrations  of  dissolved 
minerals. 

The  quality  of  the  water  in  Bennett  Branch  of  Sinnemahoning  Creek 
was  checked  near  Driftwood,  approximately  25  miles  downstream  from 
the  report  area.  The  water  in  Anderson  Creek  was  also  sampled  near 
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Curwensville,  which  is  about  II  miles  to  the  south  (McCarren,  1964). 
These  analyses  are  listed  in  Table  8. 

It  is  readily  apparent  that  the  large  amount  of  sulfate  and  the  low  pH 
of  the  water  in  Bennett  Branch  is  due  to  the  many  deep  mines  along  the 
stream,  especially  around  Penfield,  Hollywood,  and  Tyler.  These  mines 
have  all  contributed  acid  mine  water  to  Bennett  Branch.  A research 
water  treatment  plant  was  installed  near  Hollywood  (Fa31).  This  plant 
was  designed  and  operated  by  the  Mineral  Preparation  Department  of 
the  Pennsylvania  State  University.  The  plant  site  was  originally  selected 
to  treat  water  from  four  different  sources.  These  sources  include  large 
variations  in  type  and  level  of  contaminants.  Because  of  this,  the  plant 
was  designed  to  treat  water  with  pH  ranging  from  2.60-4.30,  acidity 
(ppm  (parts  per  million)  CaCO,^)  varying  from  39-8100,  and  wide  varia- 
tions (in  ppm)  of  iron,  aluminum,  and  sulfate.  The  treated  water  was  to 
have  a pH  ranging  from  6 to  9,  no  titratable  acidity,  and  an  iron  content 
less  than  7 milligrams  per  liter.  The  plant  has  been  closed  since  June  of 
1972  and  future  plans  for  the  installation  are  uncertain. 

The  water  in  Little  Toby  Creek  and  Sandy  Lick  Creek  has  not  been 
analyzed,  although  the  water  in  their  main  streams  (Clarion  River  and 
Redbank  Creek,  respectively)  has  been  checked  several  miles  downstream. 

GROUND  WATER 

Supplies  of  ground  water  in  the  area  appear  adequate.  Lohman 
(1938,  p.  197-198)  gives  information  on  six  wells  drilled  in  the  Sabula- 
Penfield  area.  These  wells  are  numbered  19,  20,  21,  22,  23,  and  25  in  that 
report.  The  following  data  are  given  for  these  wells: 

Well  19,  located  near  Sabula  (Bc4),  was  drilled  by  the  Pennsylvania  Railroad  to 
a depth  of  75  feet.  It  bottomed  in  black  shale  of  Conemaugh  age  and  produced  about 
20  gpm  (gallons  per  minute)  for  domestic  purposes. 

Well  20,  located  near  Sabula  (Cc3),  was  owned  by  Dr.  Beal  and  drilled  to  a depth 
of  120  feet,  bottoming  in  a Conemaugh  sandstone.  This  well  produced  about  10  gpm 
for  domestic  use. 

Well  21,  owned  by  Shawmut  Mining  Company  and  located  at  Hollywood  (Ea9), 
was  drilled  to  a depth  of  120  feet.  This  well  produced  about  5 gpm  from  Allegheny 
shale  and  was  used  for  domestic  purposes.  The  company  reported  7 wells  in  a row 
here,  all  similar  and  all  cased  through  a considerable  thickness  of  sand  and  gravel. 

Well  22,  located  at  Tyler  (Fa5)  and  owned  by  the  Buffalo  and  Susquehanna  Coal 
and  Coke  Company,  was  drilled  to  a depth  of  40  feet.  The  production  from  Allegheny 
shale  was  not  listed,  but  the  water  was  reported  to  be  acid  and  to  contain  excess  iron. 

Well  23  (Bc8,  located  0.9  mile  southeast  of  Narrows  Creek),  was  drilled  to  a depth 
of  580  feet.  The  well  was  flowing  with  a static  head  of  + 1 1 feet.  The  major  flow  was 
from  180  feet  in  the  hole. 

Well  25,  located  1.2  miles  north  of  Homecamp  along  the  southern  border  of  the 
report  area  (Ccl5),  was  owned  by  Fred  Weber.  It  was  drilled  to  a depth  of  78  feet 
in  Conemaugh  shale.  It  produced  1 to  3 gpm  for  domestic  purposes. 


Table  8.  Chemical  Analyses  of  Streams  in  the  West  Branch  Susquehanna  River  Basin  near 

Clearfield,  Pennsylvania 

(After  McCarren,  1964,  Table  2;  results  in  parts  per  million) 
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* Calcium  and  magnesium  not  determined  separately. 
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In  addition  to  the  above  wells,  several  water  wells  have  been  drilled 
more  recently  in  the  Sabula-Penfield  area.  Well  Cfl6  (Ec8),  owned  by 
Edward  Bell  and  located  along  Pa.  Route  153  about  4 miles  east  of  Pen- 
field,  produced  about  20  gpm.  This  well  bottomed  in  a Pottsville  sand- 
stone. Well  C£33  (CblO),  owned  by  Don  Mathers  and  located  along  Pa. 
Route  255  between  Sabula  and  Penfield,  was  drilled  to  a depth  of  215 
feet.  It  produced  about  20  gpm  from  a Conemaugh  sandstone.  In  Octo- 
ber of  1969,  an  emergency  water  well  was  drilled  along  Whetstone 
Branch  at  Aa4  by  the  Brockway  Borough  Water  Authority.  The  well 
was  located  at  what  is  believed  to  be  the  intersection  of  two  very  strong 
fracture  traces.  It  was  spudded  in  the  lower  part  of  the  Pocono  Forma- 
tion on  the  northwestern  flank  of  the  Boone  Mountain  anticline.  The 
8-inch-diameter  well  was  drilled  to  a depth  of  120  feet  and  was  flowing  at 
about  285  gpm  with  an  estimated  static  head  of  +40  feet.  The  major 
flow  started  at  86  feet.  Pumping  at  30  feet  to  365  gpm  lowered  the  water 
level  18  feet  4 inches  below  the  top  of  the  hole.  Further  drilling  was 
done  by  the  Borough  in  1970  near  the  lower  Brockway  Reservoir  (Bal). 
This  second  well  penetrated  168  feet  of  the  Pocono  with  a minimum  12- 
inch-diameter  hole.  This  well  was  also  flowing  at  about  40  gpm.  Pump- 
ing at  121  feet  yielded  240  gpm.  The  main  aquifer  was  at  151  feet. 

Sandstone  generally  has  good  porosity  and  effective  permeability,  and 
is  considered  to  be  the  best  aquifer.  Although  shale  has  porosity,  the 
pore  spaces  are  so  small  that  water  does  not  readily  move  through  it.  For 
this  reason,  shale  usually  does  not  yield  as  much  water  as  sandstone. 
However,  if  the  shale  is  strongly  jointed,  good  yields  are  not  uncommon. 
Fracture  porosity  apparently  dominates  any  initial  porosity  in  the  sand- 
stones and  is  a major  factor  in  evaluating  aquifers.  A detailed  analysis 
of  fracture  traces  should  accompany  any  well  location  study. 

Wells  bottoming  in  coal  beds  do  not  usually  yield  large  amounts  of 
ground  water.  The  water  may  be  good,  but  if  the  coal  has  been  mined, 
the  water  may  be  highly  acidic. 


ENGINEERING  GEOLOGY 

Plate  10  is  a generalized  evaluation  of  the  engineering  characteristics 
of  the  various  geological  units  that  are  exposed  in  the  Sabula-Penfield 
area.  Each  unit  is  classified  in  one  of  five  categories,  the  characteristics 
of  which  are  described  on  the  plate.  A brief  evaluation  of  the  economic 
potential  of  each  category  for  construction  materials  is  included,  along 
with  a short  summary  of  ground-water  availability. 

This  plate  is  designed  to  supplement  the  geologic  map  of  this  report 
(Plate  1)  and  is  keyed  to  the  geologic  units  shown  on  it. 
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GLOSSARY 

This  glossary  is  intended  primarily  for  nontechnical  readers,  thus  the 

definitions  are  often  somewhat  simplified. 

Alluvium.  Sand,  gravel,  or  other  similar  particle  material  deposited  by 
running  water. 

Anticline.  An  upfold  or  arch  of  stratihed  rock  in  which  the  beds  dip  in 
opposite  directions  from  the  crest. 

Aquifer.  A formation  or  rock  unit  that  is  water  bearing. 

Attritus.  Plant  debris  that  constitutes  the  microfragmental  matrix  in 
coal.  Its  luster  is  not  as  brilliant  as  that  of  vitrain  nor  as  dull  as  that 
of  fusain. 

Basement.  A widespread  complex  of  igneous  and  metamorphic  rocks 
underlying  the  sedimentary  rock  sequence. 

Bedding.  The  physical  layering  within  sedimentary  rocks  dividing  rocks 
of  similar  or  different  rock  types. 
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Bioturbation.  The  disruption  of  bedding  in  unconsolidated  sediments  by  j 
organisms.  ■ 

Blossom  (coal).  Decomposed  outcrop  of  a coal  bed.  j 

Bone  (bony  coal).  A coal  high  in  inorganic  material,  usually  clay  and 
fine  silt.  Bone  covers  the  range  between  clean  coal  and  coaly  shale. 
Cannel  shale.  A black  shale  consisting  of  silt  and  clay  that  was  deposited 
with  swamp  organic  ooze. 

Clastic.  Composed  of  material  mechanically  eroded  from,  preexisting 
rocks.  Refers  primarily  to  clay,  silt,  sand,  gravel,  etc.  ^ 

Compaction.  The  decrease  in  the  volume  of  sediments  resulting  from 
compression.  It  is  usually  caused  by  the  weight  of  overlying  sediments. 
Contour,  structural.  An  imaginary  line  connecting  points  of  equal  eleva-  j 
tion  on  a selected  bedding  surface.  i 

Contour,  topographic.  An  imaginary  line  connecting  points  of  equal 
elevation  on  the  surface  of  the  earth.  j 

Crossbedding.  The  arrangement  within  a rock  unit  of  strata  or  bedding 
at  an  angle  to  the  main  planes  of  stratification  or  the  main  bedding 
surface  of  that  rock  unit. 

Decollement.  The  independent  folding  and  faulting  of  sedimentary  beds  i 
resulting  from  the  sliding  of  those  rocks  along  a detached  zone  above  I: 
underlying  rocks.  Also,  the  detachment  surface  upon  which  sliding 
takes  place.  i 

Delta.  An  accumulation  of  sediments  formed  by  deposition  of  river-borne 
materials  at  the  edge  of  a large  water  body. 

Delta  front.  A complex  of  related  depositional  environments  in  advance 
of  the  delta  plain,  including  distal  bars,  distributary-mouth  bars, 
distributary  channels,  etc. 

Dendritic  drainage.  A drainage  system  which  is  characterized  by  an  | 
irregular  branching  pattern. 

Detrital.  Composed  of  material  mechanically  eroded  from  preexisting  j 
rocks.  Refers  primarily  to  clay,  silt,  sand,  gravel,  etc.  I 

Diagenesis.  The  changes  that  occur  in  sediments  after  deposition  but 
prior  to  consolidation  into  rock.  These  changes  may  be  caused  by  com-  | 
paction,  bacterial  action,  organisms,  permeating  water,  or  chemical  j 
reactions. 

Diaster?!.  A minor  time  interval  of  nondeposition  or  hiatus  within  sedi- 
mentary rocks.  i 

Dip.  The  angle  at  which  a layer  of  rock  is  inclined  to  horizontal. 
Disconformity.  A major  depositional  and  erosional  interruption  within  1 
a sequence  of  sedimentary  rocks,  the  rocks  on  either  side  of  which  are  || 
bedded  essentially  parallel.  8 

Epicontinental.  Located  on  a continental  land  mass,  either  past  or 
present. 
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Epineritic.  The  marine  environment  that  extends  trom  low  tide  to  a 
depth  of  water  not  exceeding  120  feet. 

Facies.  The  snm  of  all  the  characteristics  of  a rock  unit,  including  com- 
position, color,  bedding,  fossil  suite,  and  any  other  characteristic  which 
can  be  measured  or  described.  When  one  or  more  aspects  of  a rock 
unit  change  vertically  or  laterally  (such  as  grading  from  shale  to  sand- 
stone), this  variation  is  spoken  of  as  facies  change. 

Fault.  A fracture  or  fracture  zone  within  the  rocks  along  which  there  has 
been  some  movement  of  the  two  sides  relative  to  one  another.  This 
should  be  distinguished  from  a coal  miner’s  fault,  which  is  a term  used 
to  describe  any  disruption  of  a coal  seam. 

Fissility.  The  property  of  a rock  characterized  by  splitting  along  closely 
spaced  parallel  planes. 

Flaser  bedding.  Lenticular  bedding,  characteristic  of  tidal  flats. 

Flint  clay.  See  Hard  clay. 

Flora  (fossil).  An  assemblage  of  fossilized  plants. 

Fluvial.  Related  to  or  produced  by  streams  or  rivers. 

Fold.  A bend  or  flexure  produced  in  rock  strata  by  forces  operating  after 
deposition  of  the  rock. 

Fold  height.  Maximum  difference  in  elevation  of  a specific  datum  surface 
between  axes  of  an  anticline  and  a flanking  syncline  (see  Structural 
relief). 

Footwall.  The  rock  mass  beneath  a fault  plane. 

Formation.  A body  of  relatively  homogeneous  rock,  usually  tabular,  and 
mappable  at  the  surface  of  the  earth.  A formation  may  be  bounded  by 
key  beds  (q.v.). 

Friable.  Poorly  cemented  and  easily  crumbled. 

Fusain.  An  ingredient  of  coal  that  has  a fibrous  structure  like  charcoal. 

Geosyncline.  A very  large  land  area  of  regional  extent  which  subsides  for 
a long  period  of  time  and  in  which  sedimentary  and  volcanic  rocks  are 
accumulating. 

Group.  A rock-stratigraphic  unit  consisting  of  two  or  more  formations. 

Hanging  wall.  The  rock  mass  above  a fault  plane. 

Hard  clay.  A hard,  brittle  variety  of  clay  found  beneath  some  coal  seams 
which  has  a sharp  conchoidal  fracture.  It  has  a strong  superficial  re- 
semblance to  limestone.  Pure  hard  clay  is  composed  mostly  or  entirely 
of  very  finely  crystalline  kaolinite  (q  v.),  but  may  contain  various  im- 
purities such  as  iron  oxide,  silica,  diaspore,  boehmite,  etc.  Hard  clay 
also  grades  into  the  more  usual  soft  clay  (q.v.). 

Igneous  rocks.  Rocks  formed  by  solidification  from  a molten  or  partially 
molten  state. 

Immature  texture.  Said  of  sandstones  that  have  more  than  5 percent  clay 
matrix,  are  poorly  sorted,  and  have  angular  grains. 
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Iridescence.  A play  of  colors  (producing  rainbow  effects)  on  the  surface 
or  interior  of  a mineral. 

Joint.  A fracture  in  a rock  along  which  no  movement  has  taken  place. 

Kaolinite.  A clay  mineral  with  the  chemical  composition  Al2Si205  (OH)4. 

Key  bed.  A bed  that  is  distinctive  enough  to  make  it  easily  identifiable 
over  a wide  area.  Key  beds  such  as  coals  are  often  used  as  boundaries 
for  a formation  (q.v.). 

Larninite.  Sedimentary  rocks  in  which  the  layers  or  laminae  are  less  than 
1 centimeter  thick. 

Lithology.  The  physical  characteristics  of  a rock,  usually  as  determined 
by  examination  with  the  naked  eye  or  with  the  aid  of  a low-power 
magnifier. 

Lithosorne.  A rock-stratigraphic  body  that  has  characteristic  composi- 
tion, texture,  and  sedimentary  structures,  and  is  mutually  intertongued 
with  other  differing  bodies. 

Master  joint.  A large  and  persistent  joint  passing  through  all  rock  masses 
in  an  area  and  of  a magnitude  considerably  greater  than  normal  sur- 
face joints.  A master  joint  may  be  the  extension  of  fracture  beyond 
displacement  of  a major  fault  (q.v.). 

Member.  A subdivision  of  a formation  (q.v.),  based  on  physical,  chem- 
ical, or  biological  properties. 

Muscovite.  A mica  mineral  occurring  as  thin  transparent  sheets  or  flakes, 
having  the  chemical  composition  KAl3Si30io(OH)2. 

Normal  fault.  A fault  that  has  the  hanging  wall  (q.v.)  moved  downward 
relative  to  the  footwall  (q.v.). 

Orogeny.  The  process  of  mountain  building,  especially  by  folding  and 
faulting  of  the  rocks. 

Paleobotany.  The  study  of  fossil  plants. 

Paleoslope.  The  regional  slope  of  an  ancient  land  surface. 

Paleotopography.  The  relief  and  contour  of  the  land  at  a specific  time 
in  the  geologic  past,  usually  defined  by  a fossil  erosion  surface  or 
unconformity  (q.v.). 

Periglacial.  Referring  to  the  region  adjacent  to  the  margin  of  a past  or 
present  glacier  or  ice  sheet. 

Permeability.  Ability  of  a rock  to  allow  fluids  to  pass  through. 

Physiography.  The  study  of  the  surface  features  of  the  earth,  including 
their  form,  nature,  origin,  development,  and  the  changes  they  are 
undergoing. 

Point  bar.  An  arcuate  sand  and  gravel  deposit  that  accumulates  on  the 
inside  of  a river  meander  bend. 

Porosity.  The  volume  percentage  of  pore  space  or  interstices  in  a rock 
with  reference  to  its  total  volume. 
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Prodelta.  Otishore  or  seaward  from  a river  delta;  area  where  first  fine 
sediments  originating  from  the  fand  are  introduced  by  an  advancing 
cfelta. 

Progradation.  A seaward  advance  of  the  shoreline  resulting  from  near- 
shore deposition  of  sediments  brought  to  the  sea  by  rivers.  Prograded 
sequence  and  prograded  rocks  are  the  rocks  consolicfated  from  the 
sediments  deposited  in  a prograding  situation,  and  usually  become 
coarser  grained  upward. 

RegresswJi.  The  gradual  contraction  of  a shallow  sea  resulting  in  the 
emergence  of  land  when  sea  level  falls  or  the  land  rises,  or  when 
progradation  (q.v.)  occurs. 

Relief  (structural).  The  difference  in  elevation  between  high  and  low 
points  of  a selected  stratigraphic  datum  horizon,  reflecting  the  amount 
of  folding  and/or  faulting. 

Relief  (topographic).  Diflerence  in  elevation  of  high  and  low  points  of 
the  surface  of  the  earth  within  a specified  area. 

Reverse  fault.  A fatilt  that  has  the  hanging  wall  (q.v.)  moved  upward 
relative  to  the  footwall  (q.v.). 

Rider  coal.  A thin  seam  of  coal  overlying  a thicker  one. 

Rootlets.  Thin,  flat,  fossil  roots  (usually  i/g  to  inch  wide),  com- 
monly found  laced  throughout  clays  beneath  coal  seams.  Occasionally 
some  rootlets  are  found  attached  to  larger,  identifiable  roots  of  coal- 
swairrp  plants. 

Sediment.  Solid  material,  of  either  physical,  chemical,  or  organic  origin, 
which  is  beitrg,  or  has  at  one  time  beetr,  transported  from  the  site  of 
its  origin  by  movirrg  air,  water,  or  ice. 

Sedimentary  rocks.  Rock  formed  from  an  accumulation  of  sediments, 
which  irray  be  coirrposed  of  rock  fragments,  plairt  or  airimal  remaitrs, 
cheirrical  action  products,  or  evaporatiotr  products. 

Sedimentology.  l ire  study  of  all  nratters  affectiirg  sedinrerrts  from  the 
initial  formatiorr  of  sedinrerrts  froirr  a pareirt  rock  through  the  trarrs- 
portatioir  of  sedirrrent  from  the  site  of  its  fonrratiorr  to  the  site  of  its 
deposition. 

Siderite.  A mineral  composed  of  iron  carboirate  (FeCO.-j).  The  siderite 
noditles  and  bands  discussed  itr  this  report  are  a irrixture  of  siderite 
and  clay. 

Slickensides.  The  polished  aird  often  striated  surfaces  that  are  caused  by 
faulting  or  differential  movement  iir  the  rocks  in  which  they  are  found. 

Soft  clay.  A bed  of  clay  occurring  below  a coal  seairr.  Also  called  under- 
clay or  plastic  clay. 

Stratigraphy.  The  study  of  layered  sedirrreirtary  rocks. 

Stratum  (plural:  strata).  A single  sedimentary  beef  or  layer. 
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Streain  capture.  The  diversion  of  the  upper  part  of  one  stream  by  the 
headward  growth  of  another  stream.  Also  called  stream  piracy. 

Strike.  The  compass  direction  of  a horizontal  line  included  in  the  surface 
of  an  inclined  stratum  or  other  planar  feature.  The  direction  of  strike 
is  perpendicular  to  the  direction  of  dip. 

Structural  geology.  The  study  of  the  structure  or  geometry  of  the  rocks 
of  the  earth  as  produced  by  movements  within  the  earth,  and  also  the 
nature  and  cause  of  these  movements. 

Structural  relief.  See  Relief,  structural. 

Structural  contour.  See  Contour,  structural. 

Subaerial.  Formed  or  occurring  on  the  land  surface. 

Submature  texture.  Said  of  sandstones  that  have  less  than  5 percent  clay 
matrix,  are  poorly  sorted,  and  have  angular  grains. 

Subphyllarenite.  A variety  of  sandstone  defined  by  Folk  (1968)  that  has 
a framework  of  quartz  ranging  from  75  to  95  percent  and  a rock  frag- 
ment/feldspar ratio  greater  than  2:2;  rock  fragments  are  dominantly 
metamorphic. 

Subsidence.  The  sinking  of  a large  part  of  the  earth’s  surface. 

Syncline.  A downfold  or  depression  of  stratified  rock  that  dips  inward 
toward  the  axis  of  the  fold. 

Tectonic.  Refers  to  rock  structure  resulting  from  deformation  of  the 
earth’s  crust. 

Terrigenous.  Deposited  in  or  on  the  continental  surface. 

Topographic  contour.  See  Contour,  topographic. 

Topographic  relief.  See  Relief,  topographic. 

Transgression.  The  gradual  expansion  of  a shallow  sea  resulting  in  the 
submergence  of  land  when  sea  level  rises  or  the  land  falls. 

Type  section.  An  accurately  located  section  of  measured  and  fully 
described  strata  representing  the  original  concept  of  a certain  forma- 
tion or  member  (q.v.). 

Unconformity.  A surface  of  erosion  representing  a period  of  nondeposi- 
tion separating  younger  and  older  rocks. 

Underclay.  A layer  of  clay  occurring  below  a coal  seam.  Also  called 
plastic  clay  or  soft  clay. 

Vitrain.  The  portion  of  coal  that  occurs  in  shiny  black  bands  and  has  a 
brilliant  gloss. 

Watershed.  The  area  within  a drainage  basin  from  which  all  surface 
water  drains  to  a given  point  on  a stream. 


APPENDIX  8 


FIRING  TESTS  AND  PHYSICAL  DATA  ON 
CLAYS  AND  CLAY  SHALES 


Analysis  of  Clay  Sample  from  Station  Ec5 

Dried  225°F  Calcined 


Ignition  loss 

7 . 24% 

Si  1 i ca 

60.52 

65.24% 

Alumina 

22.87 

24.66 

Iron  oxide 

2.60 

2.80 

Ti tani a 

2.39 

2.d7 

Lime 

0.20 

0.22 

Magnesi a 

0.55 

0.59 

A1  kal ies 

3.50 

3.77 

TOTAL 

99.87% 

99.85% 

PCE  on  a sample  of  green 

clay  - cone  20-23 

(2885°F) 

A73 


SAMPLE  NO.  64-3-1  ( from  0 ' Nei 11  and  others,  1965,  p.  186-187) 

Description:  Medium-  to  medium-light-gray  underclay  of  the  Lower 

Kittanning  coal  is  exposed  in  the  quarry.  The  clay  is 
eight  feet  thick.  Its  top  occurs  about  50  feet  below  the 
surface  of  the  ridge. 

Chemical  Analysis: 


Si  02 

60.80% 

Na20 

.25% 

AI2O3 

24.55 

Ti02 

1 .34 

Fe203 

1.71 

L.O.I. 

8.00 

FeO 

.46 

S 

.29 

CaO 

.12 

CO2 

5.95 

MgO 

.45 

Comb.  H2O 

.90 

K2O 

2.30 

H2O  @ 120°C 

.86 

Mineralogy:  X-ray:  Accuracy  (±) 


Quartz 

41% 

10 

Mica 

39 

10 

Kaol i ni te 

10 

8 

C-V-Mo 

1 

3 

Feldspar 

0 

3 

Other  tests: 

pH:  7.3 

Workability:  fairly  plastic  and  smooth 
Water  of  plasticity  %:  31.0 

% Drying  shrinkage:  4.5 
Dry  strength:  average 


Slow-firing  tests: 


Temp.  °F 

Color 

Hardness 

%Shk. 

%Abs . 

Approx.  Sp.  Gr. 

1800 

Very  It.  buff 

Soft,  crumbly 

5.5 

15.9 

Z38 

1900 

Very  It.  buff 

Soft,  crumbly 

5.5 

16.3 

2.62 

2000 

Light  buff 

Hard 

8.0 

13.4 

2.59 

2100 

Light  tan 

Steel  hard 

9.5 

9.7 

2.58 

2200 

Tan 

Steel  hard 

9.5 

6.4 

2.53 

2300 

Tan  gray 

Steel  hard 

13.0 

1 .4 

2.38 

Bloating  test:  negative 


Pyrometric  cone  equivalent:  23 
Cone  color:  gray 

Potential  uses:  Brick,  tile;  possibly  low-duty  refractory  products  such  as 
ladle  brick. 


A74 


SAMPLE  NO. 


74A-13 


Interval  in  core:  55.4  - 59.2  ft 

Unit:  Claystone  below  Cambridge-Pine  Creek  marine  zone 
Raw  data: 
pH:  8.0 

Workability:  gritty 

Plasticity:  good 

Water  of  plasticity  %\  17.9 

t drying  shrinkage,  plastic  basis:  6.0 

Dry  strength:  p.s.i.  365 

Drying  properties:  good 


Slow-firing  tests:  L.O.I. 10.4% 

Heating  rate:  525°F/hr  to  1800°F,  then  125*F/hr 


Temp. 

°F 

Color 

Moh's 

hardness 

Total 

shrinkage 

percent 

Fi ri ng 

shrinkage 

percent 

Absorption 

percent 

Apparent 

sp.  gr. 

Bulk 

densi ty 

1900 

Buff 

7+ 

10.0 

4.0 

6.8 

2.47 

2.11 

2000 

Med.  br. 

7+ 

12.0 

6.0 

2.4 

2.42 

2.28 

2100 

Med.  br. 

7+ 

13.0 

7.0 

1 .8 

2.44 

2.33 

2200 

Gray  grn. 

7+ 

6.0 

0.0 

1 .9 

1.93 

1.86 

Quick-firing  test: 


E.  C. 139  micromhos/cm 


Retention  time,  Temperature  °F 

minutes:  15  1900  2000  2100  2200 


Weight 

Particle  size  nj/cu  ft  112.9  102.3  103.0  100.5 

through  525  on  4 

Absorpti on 

percent  6.6  7.1  6.5  6.7 


Other  tests  and  comments:  Extrudes  excellent  (gritty).  CaCOg  positive. 
2200°F  slight  cracking.  Slight  scumming  noted  at  2000°  and  2100°F. 
Good  color  range  between  2000°  and  2100°F. 

Potential  uses:  Probable  use  as  sole  component  in  brick  and  tile.  Probable 
use  in  sewer  pipe.  Possible  use  in  domestic  artware  and  earthenware 
industri es . 


A7S 


SAMPLE  MO.  74A-14 


Interval  in  core:  241.75  - 251.0  ft 

Unit:  Claystone/clay  shale  below  the  Upper  Freeport  coal 
Raw  data : 
pH:  8.3 

Workability:  Gritty 

Plasticity:  Good 

Water  of  plasticity  %:  9.0 

% drying  shrinkage,  plastic  basis:  5.0 

Dry  strength:  p.s.i . 151 

Drying  properties:  Good 


Slow-fi  ri  ng  tests  : L.O.I. 10.1% 

Heating  rate:  525°F/hr  to  1800°F,  then  125°F/hr 


Temp . 
°F 

Color 

Moh ' s 
hardness 

Total 

shrinkage 

percent 

Firing 
shri nkage 
percent 

Absorption 

percent 

Apparent 
sp.  gr. 

Bulk 

density 

1900 

Lt.  or.  br. 

6 

5.5 

0.5 

11.2 

2.57 

2.00 

2000 

Or.  br. 

7 

8.0 

3.0 

7.0 

2.21 

1 .91 

2100 

Med.  r.  br. 

7 

8.0 

3.0 

5.9 

2.60 

2.25 

2200 

Dk.  gry.  br. 

7+ 

10.0 

5.0 

1 .7 

2.25 

2.16 

Quick-firing  test: 

E.  C.  149  micrornhos/cm 

Retention  time, 
minutes:  15 

1900 

Temperature  °F 

2000  2100 

2200 

Particle  size 

Weight 

Ib/cu  ft 

122.3 

119.3  111.6 

107.3 

through  525  on 

^ Absorption 

percent 

8.4 

9.8  8.3 

11.0 

Other  tests  and  comments:  Extrudes  excellent  (gritty).  CaC03  slightly 
positive.  Fair  color  range  between  2000°  and  2100°F. 


Potential  uses: 
products. 


Probable  use  as  sole  component  in  most  structural  clay 
Probable  use  in  sewer  pipe. 


A76 


SAMPLE  NO. 


74A-15 


Interval  in  core:  289.6  - 292.5  ft 
Unit:  Silt/clay  shale  below  the  Lower  Freeport  coal 
Raw  data: 
pH:  7.5 

Workability:  Gritty 

Plasticity:  Good 

Water  of  plasticity  %:  10.8 

t drying  shrinkage,  plastic  basis:  4.0 

Dry  strength:  p . s . i . 1 61 

Drying  properties:  Good 


Slow-firing  tests: 


L.O.I.  6.1% 


Heating  rate:  525°F/hr  to  1300°F,  then  125°F/hr 


Temp. 

°F 

Color 

Moh ' s 
hardness 

Total 
shri nkage 
percent 

Fi  ring 
shrinkage 
percent 

Absorption 

percent 

Apparent 
sp.  gr. 

Bulk 
densi ty 

1900  A 

Lt.  or.  br. 

3 

7.0 

3.0 

29.1 

2.55 

1 .46 

2000  B 

R.  br. 

5.5 

12.0 

8.0 

20.0 

2.45 

1.64 

2100  C 

R.  br. 

7 

12.5 

8.5 

14.1 

2.44 

1 .81 

2200  D 

Dk.  gry.  br. 

7+ 

12.0 

8.0 

10.8 

1.90 

1.57 

Quick-firing  test : 


E.  C.  240  micromhos/cm 


Retention  time, 
minutes:  15 


Temperature  °F 

1900  2000  2T00  2200 


Weight 

Particle  size  Ib/cu  ft  108.6  106.1  98.6  98.0 

through  525  on  4 Absorption 

percent  7.4  3.2  7.4  5.2 


Other  tests  and  comments:  Extrudes  good  (gritty).  CaCO^  negative.  2200°F 
bloating  indicated.  Pitting  indicated  on  samples  A,  B,  C. 

Potential  uses:  None  in  structural  clay  products.  Possible  extra-light 
aggregate . 


All 


SAMPLE  NO. 


74A-16 


Interval  in  core:  396.8  - 401.5  ft 
Unit:  Claystone  below  the  Middle  Kittanning  coal 
Raw  data: 
pH:  7.2 

Workability:  Gritty 

Plasticity:  Good 

Water  of  plasticity  %:  2.9 

% drying  shrinkage,  plastic  basis:  4.0 

Drying  strength:  p.s.i.  89 

Drying  properties:  Good 


Slow-firing  tests:  L.O.I.  6.6% 

Heating  rate:  525°F/hr  to  1800°F,  then  125°F/hr 


Temp. 

°F 

Color 

Moh's 

hardness 

Total 

shrinkage 

percent 

Fi  ring 
shrinkage 
percent 

Absorption 

percent 

Apparent 
sp.  gr. 

Bulk 

density 

1900  A 

Med.  tan 

3 

6.0 

2.0 

17.6 

2.53 

1 .75 

2000  B 

Lt.  br. 

6 

8.2 

4.2 

12.8 

2.50 

1 .39 

2100  C 

Lt.  r.  br. 

7+ 

9.0 

5.0 

9.3 

2.54 

2.05 

2200  D 

Dk.  br. 

7+ 

13.0 

9.0 

6.1 

2.47 

2.14 

Quick-firing  test: 


E.  C.  163  micromhos/cm 


Retention  time,  Temperature  °F 

minutes:  15  1900  2000  2100  2200 


Wei ght 

Particle  size  Ib/cu  ft  140.4  131.0  116.7  115.5 

through  525  on  4 Absorption 

percent  6.6  6.3  6.4  4.3 


Other  tests  and  comments:  Extrudes  fair  (gritty).  CaC03  negative.  Slight 

scumming  indicated  at  2000°f  and  2100°F.  Suggest  the  addition  of  a more 
plastic  material  to  improve  dry  strength. 

Potential  uses:  Probable  use  in  most  structural  clay  products  including  sewer 
pipe.  Probable  use  in  the  domestic  artware  and  earthenware  industries. 


A78 


SAMPLE  NO. 


74A-17 


Interval  in  core:  463.05  - 485.8  ft 
Unit:  Lower  Kittanning  underclay 
Raw  data : 
pH:  7.2 

Workability:  Gritty 

Plasticity:  Poor 

Water  of  plasticity  %'.  7.3 

% drying  shrinkage,  plastic  basis:  3.5 

Dry  strength:  p.s.i.  145 

Drying  properties:  Good 


Slow- firing  tests:  L.O.I. 1 2 . 6*4 

Heating  rate:  525°F/hr  to  1800°F,  then  125°F/hr 


Temp. 

°F 

Color 

Moh'  s 
hardness 

Total 

shrinkage 

percent 

Fi  ri ng 
shri nkage 
percent 

Absorption 

percent 

Apparent 
sp.  gr. 

Bulk 

density 

1900  A 

Lt.  pink 

3 

5.0 

1.5 

16.1 

2.70 

1.88 

2000  B 

Lt.  oink 

5 

5.5 

2.0 

14.5 

2.60 

1 .99 

2100  C 

Lt.  pink 

7 

5.5 

2.0 

13.6 

2.75 

2.00 

2200  0 

Pink  gray 

7 

7.0 

3.5 

12.1 

2.62 

1 .98 

Quick-firing  test: 

E.  C.  144  micromhos/cm 

Retention  time, 
minutes:  15 

1900 

Temperature  °F 

2000  2100 

2200 

Particle  size 

Weight 

Ib/cu  ft 

156.0 

152.9  144.8 

146.0 

through  525  on 

^ Absorption 

percent 

6.8 

7.5  6.9 

7.9 

Other  tests  and  comments:  Extrudes  fair  (gritty).  CaCO^  negative. 

Potential  uses:  Possible  use  as  a nonplastic  filler  in  most  structural  clay 
products  except  sewer  pipe. 


A79 


SAMPLE  NO. 


74A-18 


Interval  in  core:  485.8  - 506.4  ft 
Unit:  Lower  Kittanning  underclay 
Raw  data: 
pH:  8.1 

Workability:  Gritty 

Plasticity:  Poor 

Water  of  plasticity  %\  15.5 

% drying  shrinkage,  plastic  basis:  4.0 

Dry  strength:  p.s.i.  131 

Drying  properties : Good 


Slow-firing  tests:  L.O.I.  8.5% 

Heating  rate:  525°F/hr  to  1300°F,  then  125°F/hr 


Temp . 

°F 

Color 

Moh'  s 
hardness 

Total 
shri  nkage 
percent 

Fi  ri  ng 
shri nkage 
percent 

Absorpti on 
percent 

Apparent 
sp.  gr. 

Bulk 

density 

1900  A 

Cream 

3 

4.0 

0.0 

13.2 

4.32 

2.74 

2000  B 

Lt.  tan 

5 

5.0 

1 .0 

10.2 

2.50 

1 .98 

2100  C 

Gray  cream 

6 

2.0 

-2.0 

13.5 

2.39 

1 .80 

2400  D 

Gray  grn . 

7+ 

8.0 

4.0 

3.5 

2.28 

2.11 

2600  E 

Dk.  gry.  grn. 

7+ 

0.0 

0.0 

11.0 

2.00 

1 .63 

Quick-firing  test: 

E.  C.  80  micromhos/cm 

Retention  time, 
minutes:  15 

1900 

Temperature  °F 

2000  2100 

2200 

Particle  size 

Wei ght 

Ib/cu  ft 

142.3 

127.3  114.8 

127.3 

through  525  on 

^ Absorption 

percent 

9.8 

9.8  8.6 

7.6 

Other  tests  and  comments:  Extrudes  good  (gritty).  CaCO^  negative.  2100°F 
slight  cracking.  Bloating,  warping,  and  slight  cracking  with  2600°F 
tile. 

Potential  uses:  Possible  use  as  a nonplastic  filler  in  most  structural  clay 
products  except  sewer  pipe. 


A80 


SAMPLE  :iO. 


74A-19 


Interval  in  core;  542.2  - 549.3  ft 
Unit:  Clay  below  the  Clarion  no.  2 coal 
Raw  data; 
pH:  7.9 

Workability;  Gritty 

Plasticity:  Poor 

Water  of  plasticity  %■.  18.0 

% drying  shrinkage,  plastic  basis:  3.9 

Dry  strength:  p.s.i.  136 

Drying  properties:  Good 


Slow-firinq  tests: 

L.O.I. 

6.7% 

Heati  ng 

rate:  525 

°F/hr  to  1800°F,  then 

125°F/hr 

Temp . 

Color 

Moh ' s 

Total 

Fi  ri  ng 

Absorption 

Apparent 

Bulk 

°F 

hardness 

shrinkage 

percent 

shri nkage 
percent 

percent 

sp.  gr. 

density 

1900 

Cream 

3 

3.9 

0.0 

12.7 

2.49 

1 .89 

2000 

Yel . cream 

6 

5.0 

1.1 

11.4 

2.47 

1.93 

2100 

Yel . cream 

6 

6.0 

2.1 

13.0 

2.27 

1.75 

2400 

Lt.  yel.  grn. 

7+ 

3.0 

4.1 

4.0 

2.37 

2.16 

2600 

Lt.  yel.  grn. 

7+ 

5.5 

1 .3 

7.7 

2.12 

1 .82 

Quick-firing  test: 

E.  C.  64  micromhos/cm 

Retention  time. 

Temperature  °F 

minutes:  15 

1900 

2000  2100 

2200 

Particle  size 

Wei ght 

Ib/cu  ft 

129.8 

132.3  129.8 

127.3 

through  525  on 

^ Absorption 

percent 

7.9 

9.9  6.9 

7.0 

Other  tests  and  comments:  Extrudes  fair  (gritty).  CaCOg  slightly  positive. 
2100°F  slight  cracking.  2600°F  slight  cracking. 

Pyrometric  cone  equivalent:  23 

Potential  uses:  Possible  use  as  a component  in  low-duty  refractories. 
Possible  use  in  the  domestic  stoneware  industry. 


hSl 


SAMPLE  NO. 


74A-20 


Interval  in  core:  551.6  - 554.3  ft 
Unit:  Clay  below  the  Clarion  no.  2 coal 
Raw  data: 
pH:  7.7 

Workability:  Gritty 

Plasticity:  Poor 

Water  of  plasticity  %\  14.6 

% drying  shrinkage,  plastic  basis:  4.0 

Dry  strength:  p.s.i.  105 

Drying  properties:  Good 


S1ow-firinq  tests:  L.O.I.  7.0% 

Heating  rate:  525°F/hr  to  ISOO^F,  then  125°F/hr 


Temp. 

°F 

Color 

Moh's 

hardness 

Total 
shri nkage 
percent 

Firing 
shri nkage 
percent 

Absorpti on 
percent 

Apparent 
sp.  gr. 

Bulk 

density 

1900 

Lt.  gry.  br.  tan 

3 

3.0 

1.0 

13.6 

2.58 

1.90 

2000 

Yel . cream 

6 

3.5 

0.5 

11.8 

2.48 

1.92 

2100 

Yel . cream 

6 

2.5 

1.5 

13.3 

2.34 

1 .81 

2400 

Lt.  yel . grn. 

7+ 

6.5 

1.0 

4.6 

2.45 

2.20 

2600 

Lt.  yel . grn. 

7+ 

5.0 

1.0 

7.8 

2.43 

1.83 

Quick-firing  test: 


E.  C.  56  michromhos/cm 


Retention  time, 
minutes:  15 


Temperature  °F 

1900  2000  2T0O  2200 


Particle  size 
through  525  on  4 


Weight 

Ib/cu  ft  168.6  146.6  146.6  140.4 


Absorption 

percent  7.4  7.9  6.9  8.3 


Other  tests  and  comments:  Extrudes  fair  (gritty).  CaC03  slightly  positive. 
2100°F  slight  cracking. 

Pyrometric  cone  equivalent:  20 

Potential  uses:  Possible  use  as  a component  in  low-duty  refractories. 
Possible  use  in  the  domestic  stoneware  industry. 


AB2 


SAMPLE  NO. 


74A-21  (Station  Ec5) 


20-ft  channel  sample 
Unit:  Lov/er  Kittanning  underclay 
Rav/  data : 
pH:  6.0 

Workability:  Gritty 

Plasticity:  Fair 

Water  of  plasticity  %:  15.9 

% drying  shrinkage,  plastic  basis:  4.1 

Dry  strength:  p.s.i  . 84 

Drying  properties:  Good 


Slow- firing  tests:  L.O.I. 8.4% 

Heating  rate:  525°F/hr  to  1800°F,  then  125°F/hr 


Temp. 

“F 

Color 

Moh's 

hardness 

Total 
shri nkage 
percent 

Fi  ring 
shri nkage 
percent 

Absorption 

percent 

Apparent 
sp.  gr. 

Bulk 
den si ty 

1900  A 

Lt.  pink 

4 

4.0 

0.1 

13.2 

2.56 

1 .91 

2000  B 

Yel.  white 

6 

5.0 

1.0 

10.4 

2.45 

1.95 

2100  C 

Lt.  yel.  white 

6 

5.0 

0.9 

11.9 

2.49 

1 .91 

2400  D 

Lt.  yel.  grn. 

7+ 

11.5 

7.5 

3.5 

2.45 

2.25 

2600  E 

Lt.  yel . grn. 

7+ 

6.0 

2.0 

8.2 

2.22 

1.37 

Quick-firing  test: 

E.  C.  124  micromhos/cm 

Retention  time, 
minutes:  15 

1900 

Temperature  °F 

2000  2100 

2200 

Particle  size 

Weight 

Ib/cu  ft 

165.4 

165.4  165.4 

162.2 

through  525  on 

^ Absorption 

percent 

6.9 

6.9  5.9 

6.5 

Other  tests  and  comments:  Extrudes  fair  (gritty).  CaCOg  negative. 
Pyrometric  cone  equivalent:  23 


Potential  uses:  Possible  use  as  a component  in  low-duty  refractories. 
Possible  use  in  the  domestic  stoneware  industry. 
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PLATE  2.  SECTIONS  FROM  GAS  WELL 
RECORDS  SHOWING  UPPER  DEVONIAN, 
MISSISSIPPIAN,  AND  PENNSYLVANIAN 
STRATA  ACROSS  THE  MOUNTAIN  RUN 
FAULT  AND  BOONE  MOUNTAIN  ANTI- 
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PLATE  3.  SECTIONS  FROM  GAS  WELL  RECORDS 

SHOWING  UPPER  DEVONIAN,  PENNSYLVANIAN, 
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PLATE  4.  SECTIONS  FROM  GAS  WELL  RECORDS  SHOWING  UPPER  DEVONIAN,  MISSISSIPPIAN, 

AND  BASAL  PENNSYLVANIAN  STRATA 
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PLATE  6.  MILLSTONE  RUN  FORMATION  STRATIGRAPHIC  SECTIONS 


EXPLANATION 

Outcrop 
Active  cod  rnipe 
Abandoned  coel  mirto 


Referonco  number 

Drill  hole 


Coel  mined  out 
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PLATE  7.  LOWER  lOTTANNING  NO,  3 COAL  RESERVES 
AND  MEASURED  SECTIONS 
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PLATE  8.  ADDITIONAL  COALS  AND  MNED-OUT  AREAS 
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Lower  Freeport  (continued) 
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PLATE  9.  LOCATION  OF  MEASURED  CLAY  AND  CLAY  SHALE  SECTIONS 
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to  madnsUly  durable  foundation!. 
Euy  to  moderately  dilfieult  excavation. 


Coal-bcnnn^  and  htiaoQtntmi  udimtnla'V 
roeki:  in<er6rddrd  lAalc,  tilUlonc.  lAi'n'lxddrd 
landUone,  coil,  and  under ilay.  Hare  thin  lime- 
stone.  Some  lotol  lAtCiler  bedded  tandslones  lo 
25  feet  thick, 

Son-coakbeoiing  rocks:  inlerbedded  sandstone, 
sillelone,  sill  shale  and  clay  shale  uilh  iporodtc 
red  and  green  shales.  In  central  and  southern 
portion  oj  area,  incfadcj  ijifcrfrcddcd  red,  green, 
and  gray  shales  and  siltstcmes. 
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Poor  foundations,  c-aatly  ticavaitd 

J/nconjofidtj/td  jionrtidain  oKvrium  compoitd 

0/  efuy.  nir,  *ond.  p<i-4I«.  and  cobbUs,  uith 
lenses  of  organic  material. 
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roc*  mater, al  Includes  mine  spoils  ond  earthen 
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EXPLANATION 


Excellent  foundalioni,  Hilbcult  excavation. 

yredomiruintiy  sandstone;  conglomerate  in 
loircr  part  o/fp. 

IsrD i includes  fri  lehere  undirtded), 

IW I locally  in  other  units /. ' 

yraeiarts  eomno*;  aiaslti  open  **4  nrimL  Mek” 
luOitardlal  U’lt^rala’d  toaaaalUHLM.  Forms  eiott’  ruts 
rtrepi  Joe  soms  larfaee  itejaeStng  otrmg  croltrop.  ttr/a- 
oolton  reevtrrs  nltnttM  Uostiag  ond  luory  porere  loots. 
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PLATE  10.  FOUNDATION  AND  EXCAVATION  CONDITIONS  AND  MAJOR  WATERSHEDS 


